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CHAUTAUQUA,  N.  Y.,  SEWAGE  DISPOSAL  WORKS. 


By  WniiiiAM  B.  La^'dreth,  M.  Am.  Soc.  C.  E. 

ErAX)    at   the   ANNTJAIi   CONTENTION,    JtJNE,    1894. 


Chautauqua,  N.  Y. ,  is  a  well-known  summer  resort  on  the  southwest 
shore  of  Chautauqua  Lake.  The  grounds  run  over  a  mile  along  the 
lake  shore,  and  extend  back  from  the  lake  for  half  a  mile.  There  are 
about  10  miles  of  streets  and  avenues  through  which  water  pipes  were 
laid  several  years  ago. 

Prior  to  1893  the  sanitary  arrangements  of  the  grounds  were  very 
crude.  Public  crematory  closets  were  placed  at  various  points,  and 
cesspools  were  largely  used  as  a  means  of  disposing  of  the  kitchen 
wastes.  The  rough  garbage  was  drawn  to  the  southern  part  of  the 
grounds  by  the  authorities,  dried  and  burned.  The  cost  of  those 
methods  of  disposal  was  82  000  for  the  season  of  three  months,  and 
the  results  were  very  unsatisfactory.  A  complete  system  of  separate 
sewers  was  designed  by  Samuel  M.  Gray,  M.  Am.  Soc.  C.  E.,  and 
built  during  the  fall  and  winter  of  1892  and  1893,  under  the  direction 
of_Thomas  McKenzie,  Jun.  Am.   Soc.   C.   E.,   as  Engineer  in   Charge 
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for  Mr.   Gray.      The  sewers  are  from  8  to  20  ins.  in  diameter,   with 
manholes  at  changes  of  grade  or  line,  and  no  flush  tanks. 

Most  of  the  grades  are  steep,  and  the  large  number  of  automatic 
public  closets  furnish  the  necessary  flushing. 

The  main  sewer  extends  nearly  to  the  southern  limit  of  the  grounds, 
where  it  is  5  ft.  above  the  mean  lake  level  and  200  ft.  from  the  shore. 
The  question  of  the  disposal  of  the  sewage  i^resented  the  problem  of 
providing  a  means  of  purification  that  would  prevent  the  slightest 
contamination  of  the  lake,  the  purity  of  whose  waters  have  been 
protected  by  rigid  State  laws. 

The  depth  of  the  sewers  and  the  steep  slope  of  the  hill  side  at  its 
end  prevented  the  use  of  any  method  of  land  filtration,  leaving  the 
only  choice  to  some  chemical  method. 

In  October,  1892,  the  Assembly  authorities  advertised  for  plans  and 
bids  for  erecting  a  complete  system  of  sewage  disposal,  each  plan  to 
be  accompanied  by  a  bid  for  building  the  works  in  accordance  there- 
with. The  plan  and  bid  submitted  by  the  writer  was  accepted  by  the 
Trustees  of  the  Assembly  at  their  annual  meeting  in  Pittsburgh,  Pa., 
January  17th,  1893,  and,  after  some  changes  suggested  by  Mr.  Gray 
had  been  made  in  the  plans,  the  contract  was  signed  for  the  erection 
of  the  works. 

Work  was  begun  April  1st,  1893,  under  the  supervision  of  Mr. 
Thomas  McKenzie,  Resident  Engineer,  and  the  plant  was  in  operation 
the  first  week  in  July. 

General  Plan. — The  works  as  built  consist  of  a  machine  house,  40 
X  40  ft.,  and  four  precipitation  tanks  and  the  necessary  machinery 
for  handling  the  chemicals  and  sludge. 

The  sewage  enters  the  machine  house  on  the  west  side  in  a  brick 
channel  24  ins.  wide,  with  a  circular  cross-section  on  the  bottom.  A 
screen  made  of  iron  bars,  1^  x  i  ins.  spaced  J  in.  apart,  set  in  the  chan- 
nel, catches  all  of  the  larger  particles,  which  are  raked  ofi"  and  burned 
under  the  boiler. 

Two  wooden  chemical  mixing  vats,  holding  850  galls,  each,  pro- 
vided with  revolving  arms,  are  set  near  the  inlet  channel,  to  which 
they  are  connected  by  3-in.  iron  pipes.  The  first  vat  contains  milk  of 
lime,  for  which  the  lime  is  slaked  in  a  small  vat  suspended  over  it. 
The  second  vat  contains  a  solution  of  sulphate  of  alumina,  which  is 
formed  from  crystal  alum.     The  chemical  pipe  from  each  vat  is  pro- 
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Tided  with  an  iron  box  at  the  channel  end,  from  which  the  solution 
flows  into  the  inlet  channel  over  a  measuring  weir  4  ins.  wide. 

The  quantity  of  solution  passing  into  the  sewage  over  the  small 
weirs  can  be  determined  very  quickly  by  noting  its  height  on  a  scale 
at  one  end  of  the  weir,  and  the  i^roper  amount  necessary  for  the  sewage 
flow  easily  regulated. 

After  receiving  the  chemicals,  the  sewage  passes  over  a  weir  2  ft. 
long,  where  it  is  measured,  and  enters  a  mixing  well,  where  a  vertical 
centrifugal  pump  thoroughly  agitates  it  and  throws  it  into  the  inlet 
channel  again,  thus  insuring  a  perfect  mixture  of  the  sewage  and 
chemicals.  Passing  along  the  inlet  channel,  the  mixture  enters  the 
main  channel  of  the  tanks. 

Tanks. — There  are  four  tanks,  each  12  by  56  ft.  inside,  with  4^ 
ft.  depth  of  water.  The  walls  are  of  stone  masonry  laid  in  natural 
cement,  lined  with  8  ins.  of  hard  brick  laid  in  Portland  cement,  and 
are  capped  with  sawed  sandstone  flagging  3  ins.  thick.  A  main  inlet 
channel  extends  along  the  end  of  the  tanks,  and  carries  the  sewage 
into  any  of  them  over  weirs  6  ft.  long  ;  and  a  similar  outlet  channel 
along  the  other  end  of  the  tanks  discharges  the  effluent  over  steps  into 
a  15-in.  outlet  extending  into  the  lake.  The  end  walls  are  4  ft.  on  top 
and  5  ft.  at  the  bottom  ;  the  side  walls  2  ft.  on  top  and  3  ft.  at  bottom, 
and  the  partition  walls  are  2  ins.  thicker. 

The  tank  bottoms  are  of  concrete  12  ins.  thick,  made  of  1  part  of 
natural  cement,  2  parts  of  sand,  and  3  parts  of  broken  stone  ;  they 
slope  from  the  sides  with  a  fall  of  1  in  30  to  a  central  sludge  channel 
2  ft.  wide,  which  has  a  fall  of  2  ft.  6  ins.  in  the  length  of  the  tank  to 
the  sludge  outlet. 

A  15-in.  low  level  outlet  pipe  is  built  in  the  outlet  end  wall,  and  is 
connected  with  each  tank  by  an  8-in.  iron  pipe,  which  is  fitted  with 
a  Ludlow  valve  and  a  galvanized  iron  hinged  outlet  pipe,  the  mouth 
of  which  is  kept  just  under  the  surface  of  the  water  by  a  float.  The 
several  weirs  and  .flash  boards  are  so  arranged  that  the  tanks  may  be 
run  in  series  or  intermittently,  as  may  be  desired. 

A  relief  channel  runs  along  the  outside  of  the  last  tank,  allowing 
the  night  flow  of  clear  ground-water  to  be  run  directly  to  the  outlet, 
it  ha\dng  been  found  that  the  night  flow  stirs  up  the  sewage  already  in 
the  tanks,  preventing  settlement. 

Method  of  Working. — When  any  tank  is  to  be  cleaned,  the  sewage  is 
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cut  out  of  it  by  the  flash  boards,  and  after  a  rest  of  about  an  hour  for 
settling  the  sludge,  the  outlet  valve  is  opened  and  the  effluent  drawn 
off  till  the  sludge  is  reached.  The  outlet  valve  is  then  closed,  and  a 
sludge  valve  at  the  foot  of  the  sludge  channel  opened,  when  the 
sludge  flows  through  an  8-in.  sludge  drain,  built  in  the  inlet  wall  of 
the  tanks,  to  the  sludge  well. 

The  sludge  well  is  16  ft.  deep,  8  ft.  in  diameter,  with  brick  walls 
12  ins.  thick,  and  is  fitted  with  an  iron  manhole  cover  in  the  machine 
house  floor.  The  sludge  is  pumped  from  the  sludge  well  by  a  4-in. 
Van  Wie  centrifugal  pump  into  a  sludge  tank  set  on  the  machine 
house  floor,  holding  150  cu.  ft.  The  sludge  is  allowed  to  settle  in  this 
tank  and  the  clear  water  on  top  is  drawn  off  by  a  skimmer  pipe,  added 
since  the  completion  of  the  works.  When  ready  for  pressing,  the 
sludge  is  forced  into  a  60-cell  filter  press  by  a  jDower  pump  having 
two  solid  plungers  and  ball  valves  made  of  hard  rubber,  flat  valves 
having  jjroved  a  failure.  The  valves  are  easily  accessible,  the  cham- 
bers being  fitted  with  detachable  covers. 

The  press  has  60  steel  chambers  30  ins.  in  diameter,  with  a  -l-in. 
hole  in  the  center  of  each,  forming  a  continuous  passage  from  end  to 
end  of  the  press. 

A  coarse  jute  sack  is  suspended  between  the  chambers,  which  are 
faced  with  rubber,  to  prevent  the  cutting  of  the  sacks  or  squirting  of 
the  press  liquor.  The  chambers  rest  on  the  frame  of  the  press  on 
small  wheels,  and  are  held  in  contact  with  each  other  by  pressure 
applied  by  a  screw  and  hand  wheel  at  the  end  of  the  press. 

When  the  sludge  is  forced  into  the  end  of  the  press,  the  water 
passes  out  between  the  chambers  along  small  channels  in  the  lower 
faces  of  the  cells  and  through  the  longitudinal  meshes  of  the  sacking, 
leaving  the  coarser  i^articles  of  sludge  between  the  faces  of  the  cham- 
bers of  the  press.  When  the  press  is  full  of  sludge  cake,  the  pressure 
gauge  on  it  shows  a  pressure  of  about  60  lbs. ,  that  being  the  point 
at  which  the  relief  valve  on  the  force  pipe  is  set,  and  the  water  ceases  to 
flow  from  the  drips  of  the  press.  The  jjress  screw  is  released  by  a 
lock  nut,  a  car  run  under  the  press  and,  as  the  chambers  are  sepai'ated 
from  one  another,  the  cakes  fall  into  it,  and,  w^hen  full,  it  is  run  out  of 
the  building  and  emptied. 

The  cakes  are  30  ins.  in  diameter  and  1^  ins.  thick.  When  taken 
from  the  press  they  weigh  21  lbs.,  and  when  thoroughly  dried  the 
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weiglit  is  reduced  to  12  lbs.,  sho-s\-ing  43%  of  moistiTre  in  them  vrheix 
taken  from  the  press. 

The  sludge  has  been  used  by  the  Assembly  authorities  and  neigh- 
boring farmers  as  a  fertilizer.  The  tanks  were  operated  in  series,  after 
experiments  had  proved  that  the  better  method. 

The  works  were  operated  from  July  1st  to  October  1st,  during 
which  time  the  daily  flow  was  from  125  000  to  150  000,  with  about 
75  000  galls,  of  ground-water. 

The  number  of  people  using  the  sewers  was  from  3  000  to  7  000, 
with  a  probable  average  of  4  000;  and  from  the  water  works  pumping 
records  the  dailv  consumption  of  water  was  about  20  galls,  per  capita. 

Profiles  of  gaugings  show  an  hourly  maximum  of  a  little  more 
than  6  %  of  the  daily  flow;  while  from  midnight  to  5  a.m.  the  flow 
was  clear  ground-water.  During  heavy  storms  considerable  rain  water 
entered  the  sewers,  probably  through  holes  in  the  manhole  covers 
and  from  a  few  roofs. 

Chemicals. — The  lime  used  was  the  Lighthouse  brand  of  Marble- 
head  lime,  from  Sandusky,  O.,  and  its  cost  was  83.2  cents  per  barrel 
delivered  at  the  works,  or  .416  of  a  cent  per  pound.  The  alum  was  in  the 
form  of  white  crystals,  costing  2. 15  cents  per  pound.  During  the  92  days 
that  the  works  were  in  operation,  29  500  lbs.  of  lime,  6  400  lbs.  of 
alum,  and  one  barrel  of  copperas  were  used.  Large  amounts  of 
chemicals,  especially  alum,  were  used  during  July,  in  experimenting, 
to  determine  the  proper  proportions  necessary,  and  the  cost  of  opera- 
tion was  increased  thereby. 

After  the  experimental  period  was  passed,  the  amounts  used  daily 
were  one  barrel  of  lime,  30  to  40  lbs.  of  alum,  and  2  to  5  lbs.  of 
copperas. 

Cost  of  Operation — Labor. — The  men  employed  at  the  woi'ks  were: 
One  sujjerintendent  and  engineer  at  §85  per  month;  one  helper  a  part 
of  the  time,  from  7  a.m.  to  6  p.m.,  and  a  watchman  from  6  p.m.  till  7 
A.M.,  each  of  whom  received  12^  cents  per  hour.  The  total  labor  bill 
for  92  days  was  §386,  or  a  little  less  than  84.20  per  day.  For  the 
population  of  4  000  this  would  give  a  little  over  one-tenth  of  a  cent  as 
the  per  capita  daily  cost  of  labor. 

Oil,  Chemicals,  etc. — Fuel,  oil  and  waste  cost  about  40  cents  per  day. 
The  total  cost  of  chemicals  was  3269  52  for  the  entire  season,  or  an 
apparent  daily  cost  of  82  87,  but  as  large  amounts  of  chemicals  were 
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used  in  experiments  in  July,  the  cost  per  day  of  cliemicals  during 
August  and  September  was  probably  about  as  follows: 

One  barrel  of  lime $0  83 

35  lbs.  alum 0  75 

3  lbs.  copperas 0  12 

making  a  total  of  $1  70  per  day.  On  the  above  basis  the  total  daily 
cost,  after  the  experimental  stage,  would  be:  Labor,  S4  20;  fuel  and 
oil,  etc.,  §0.40;  chemicals,  ^1  70,  giving  a  total  of  .^6  30.  For  an  average 
attendance  of  4  000,  the  daily  capita  cost  would  be  .157  of  a  cent  or 
$0. 573  per  capita  per  year,  to  which  should  be  added  an  interest  charge 
of  $0,165,  making  a  total  per  capita  cost  of  §0.738  per  year. 

Cheynical  and  Physical  Results. — After  July  28th,  the  effluent  was 
uniformly  clear  and  odorless.  SamjDles  of  the  sewage  and  effluent  were 
taken  at  4  p.  m.,  September  25th,  after  the  night  flow  had  left  the 
tanks,  and  were  carefully  sealed  and  sent  to  Prof.  Maurice  Perkins, 
Union  College,  Schenectady,  for  analysis.  The  samples  were  delayed 
in  transit  and  did  not  reach  the  laboratory  till  September  29th,  and  on 
October  9th,  Prof.  Perkins  reported  as  follows  : 

Chemical  Laboratokx,  Union  College, 

Schenectady,  N.  Y.,  October  9th,  1893. 
Report  of  the  results  of  the  chemical  analysis  of  a  specimen  of 
crude  sewage  and  the  effluent  after  treatment,  received  from  W.  B. 
Landreth,  C.  E.,  from  Chautauqua,  New  York. 

Parts  in  100  000. 
Crude  sewage.  Effluent. 

Apj)earance Turbid.  Clear. 

Color Light  grayish.    None. 

Odor Urinous.  None. 

Total  solid  residue 117  23 . 6 

Mineral  matter  (after  incineration)     59 . 2  14 . 4 

Loss     on     incineration     (organic 

matter) 57.8  9.2 

Chlorine 6.0129  6.0129 

Corresponding    chloride     of    so- 
dium (common  salt) 9 .97  9 .  97 

Free  ammonia  2.428  1.3568 

Albuminoid  ammonia 2 .  088  .  4856 

Phosphates Strong  reaction.  None. 

Nitrates Not  detected.  Not  detected. 

Nitrites "         "  " 

Maurice  Perkins, 
Professor  of  Chemistry  in  Union  College. 
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Union  CollLege, 
Schenectady,  N.  Y.,  October  9tli,  1893. 

WrLLiAM  B.  Landreth,  Jamestown,  X.  Y. 

Dear  Sir, — I  have  delayed  reporting  the  results  of  the  chemical 
analysis  of  the  specimens  received  September  29th  because  I  Avanted 
to  make  some  observations  on  them  after  standing  some  time. 

The  analyses  were  made  as  soon  as  possible  after  their  receipt. 
To-day  I  made  another  jDartial  analysis  of  the  crude  sewage.  This  was 
to  explain  some  of  the  results  of  the  fii'st. 

Let  me  first  speak  of  the  treated  sewage  or  effluent.  This  is  the 
first  "  effluent "  that  I  have  ever  seen  that  did  not  undergo  change, 
such  as  to  make  it  muddy  and  smell  badly.  To-day  though  the  bottle, 
half  full,  has  been  kept  in  the  laboratory,  at  the  ordinary  temperature 
of  a  room  at  this  period  of  the  year,  the  fiuid  is  as  clear  and  to  the 
senses  as  unoffensive  as  at  the  first  moment  of  receipt.  How  thorough 
the  removal  of  solids  and  jjutrescible  matter  has  been  you  can  see  by 
the  comparison  of  the  two  analyses. 

The  analysis  of  the  crude  sewage  shows  large  quantities  of  free 
ammonia.  Larger  amounts  of  this  than  of  the  albuminoid  were  pres- 
ent, but  in  the  effluent  you  will  see  there  was  much  less  ammonia. 
It  would  be  difficult  by  any  process  to  remove  the  ammonia  from  the 
crude  sewage.  So  this  found  in  the  specimen  sent  me  above  that  in 
the  effluent  must  have  been  formed  during  the  time  which  elapsed 
between  its  collection  and  my  analysis  (three  days).  When  the  reagents 
used  in  the  process  struck  the  original  or  crude  sewage,  nearly  one- 
half  of  the  nitrogen,  Avhicb  I  found  in  the  form  of  free  ammonia,  must 
have  been  in  the  albuminoid  form  and  precipitated  by  them.  Thus 
removed  before  the  change  had  occurred. 

The  crude  sewage  contained  some  finely  divided  paper,  which,  of 
course,  left  an  ash  on  incineration.  This  in  pari  accounts  for  the  high 
ash  account  of  the  crude  sewage.  But  it  is  this  as  well  as  other  mate- 
rials which  you  desire  to  remove  by  yoiir  process. 

In  conclusion,  if  you  can  furnish  such  an  effluent,  I  do  not  see  how 
it  can  become  offensive. 

Respectfully  yours, 

MArEicE  Peekins. 

The  concentrated  character  of  the  sewage  is  shown  by  the  total 
solid  residue  of  117  parts  in  100  000,  as  might  be  exj^ected  from  the 
low  water  consumption.  The  analysis  shows  that  80"o'  of  the  total 
solids  and  76.Q%  of  the  albuminoid  ammonia  were  removed. 

The  writer  is  aware  that  the  result  shown  might  not  have  been 
obtained  continuously  and  probably  was  not,  and  gives  the  analysis 
simply  as  that  of  one  sample  each  of  sewage  and  effluent.     During  the 
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present  season  daily  examinations  of  the  sewage  and  effluent  will  be 
made  chemically  and  biologically  by  a  careful  and  expeiienced 
observer,  and  measurements  of  the  sewage  will  be  taken  by  a  recording 
gauge.  The  amount  of  jjressed  sludge  produced  was  about  0.8  lb.  per 
capita  daily.  The  total  cost  of  the  works  was  $16  500,  exclusive  of  the 
land,  including  150  ft.  of  iron  outlet  laid  on  the  bottom  of  the  lake. 
The  chemical  mixers,  sludge  pump  and  sludge  press  were  built  by  the 
Bonnot  Company,  of  Canton,  O. ,  which  also  furnished  and  erected  the 
shafting,  pulleys  and  piping. 

This  description  of  the  works  and  the  results  obtained  are  given 
simply  as  showing  the  way  in  which  the  problems  jDresented  were 
solved,  and  not  as  a  guide  for  all  cases,  as  the  writer  is  fully  aware  of 
the  limitations  of  chemical  precipitation  of  sewage. 

The  results  obtained  seem  to  have  been  in  part  due  to  (1)  the 
thorough  mixing  of  the  sewage  and  chemicals;  (2)  the  careful  gauging 
of  sewage  and  chemicals  and  their  proper  proportioning,  and  (3)  to  the 
design  of  the  tanks  by  which  the  course  of  the  sewage  is  positive  and 
the  formation  of  cross  currents  prevented. 
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THE  CIPPOLETTI  TRAPEZOIDAL  WEIR. 


By  A.  D.  Flinn  and  C.  W.  D.  Dyee.* 
Kead  at  the  Anntjaxi  Convention,  June,  1894. 


NOMENCLATTJKE. 


A  =  area  of  vertical  cross-section  of  water  in  canal  of  approach  at 

point  of  measurement  of  H. 
C  =  coefficient  in  formula  for  Q. 
c  =  coefficient  of  contraction,  according  to  Cippoletti;   called  by 

American  authorities  coefficient  of  discharge. 
g  =  acceleration  of  gravity  :=  32.1644. 

V2^  =  8.0205.     ^  =  0.01555. 

G  =^  depth  from  crest  of  weir  to  bottom  of  canal  of  approach. 

*  In  preparing  this  paper  the  writers  have  made  use  of  the  following  books  and  pamph- 
lets: J.B.Francis,  "  Lowell  Hydraulic  Experiments";  Hamilton  Smith,  Jr.,  "  Hydraulics"; 
Mansfield  Merriman,  "Treatise  on  Hydraulics";  L.  G.  Carpenter,  "Bulletin  No.  13,  Colorado 
State  College";  Cesare  Cippoletti,  "  Canal  Villoresi ;  Modulo  per  la  Dispensa  delle  Acque"; 
Engineering  Record,  August  13th,  1892;  Tramacdons  of  Am.  Soo.  C.  E.,  Vol.  XII,  1883,  p.  55, 
Fteley  and  Stearns. 
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H  =  head  measured  by  liook-gauge. 

h  =  eflfective  head. 

hg^  =  head  corresijonding  to  velocity  of  aijproach. 

L  =  horizontal  distance  from  end  of  sill  to  the  nearer  side  of  the 

canal  of  approach. 
I  =  measured  length  of  sill. 

M  =  leakage  from  canal  of  approach  to  Francis  weir  during  an 
experiment. 

g  =  quantity  of  water  discharged  during  an  experiment,  as  meas- 
ured by  the  Francis  rectangular  weir. 

g'  =:  q  -{.  M.     §1  =:  ajjproximate  discharge  per  second. 

n> 

Q  =  discharge  per  second.      Q  =  -^. 
I  =  time  in  seconds. 
F,j  =  mean  velocity  of  aiJi^roach.      F^  :=  -^. 
ev  h  =  extreme  variation  in  head  during  an  experiment. 
h  =  H+  b^  =  H-^  bK. 
A  ^  1.4  for  weirs  with  full  contraction. 

g  =  t  X  i  V^g  X  0.623  [I  —  0.2  h)  kK 
=  t  X  ^^  [1—0.1  h)  0  (very  nearly). 

C  C 


t  V2^      5..347- 

77^e  TFeir. — The  weir  Avith  complete  contractions  was  formerly  con- 
sidered to  be  the  most  accurate  and  convenient  means  for  measuring 
large  quantities  of  water.  The  form  commonly  used  has  been  the 
rectangular  weir  with  horizontal  sill  and  vertical  sides  and  with  three 
complete  contractions.  With  this  form  of  weir,  the  coefficient  of  dis- 
charge is  not  constant,  but  increases  with  the  length  of  the  weir  and 
diminishes  when  the  head  on  the  sill  increases.  Furthermore,  because 
of  the  eifect  of  end  contraction,  Avith  equal  heads,  the  quantities  dis- 
charged are  not  proportional  to  the  length  of  sill ;  and  with  constant 
sill  length,  the  discharge  does  not  vary  j^roportionally  to  any  power  of 
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the  head,  because  of  the  effect  of  bottom  contraction.  These  facts  con- 
stitute objections  to  the  rectangular  weir.  When  the  Villoresi  Canal 
was  i^rojected  in  1881,  the  government  of  the  province  of  Milan,  Italy, 
regarded  these  objections  as  sufficiently  serious  to  make  another  form 
of  module  desirable.  Consequently  the  engineer,  Signor  Cesare 
Cippoletti,  was  instructed  to  devise  a  module,  based  upon  the  theory 
of  the  weir,  which  should  be  free  from  these  difficulties. 

The  problem  which  Cippoletti  set  himself  to  solve  was  to  determine 
the  conditions  of  a  weir  which  would  measure  the  discharge  with  an 
error,  due  to  any  one  cause,  not  greater  than  ^  %  and  at  the  same 
time  retain  the  simple  formula,  Q  =  G  I  h^.  He  adopted  the  re- 
sults of  the  Lowell  experiments  of  Mr.  J.  B.  Francis  as  the  basis  of 
his  investigations,  supplementing  them  with  the  works  of  some  other 
hydraulicians,  and  with  data  from  experiments  of  his  own  made  for  the 
jjurpose  of  discovering  the  effects  of  variations  in  certain  details  of 
construction. 

Commenting  upon  the  variations  of  the  coefficient  of  contraction 
in  the  Francis  formula,  Cippoletti  says : 

' '  The  cause  of  such  variation  of  the  coefficients  is  easily  revealed  by 
the  fact  that,  while  in  the  common  formula  there  is  a  single  coefficient 
of  contraction,  the  phenomenon  is  double,  since  there  is  proof  of  a 
superficial  and  a  lateral  contraction;  and  if  the  first  is  proportional  to 
the  breadth  of  the  stream  and  is  found  to  be  represented  in  the  for- 
mula, the  second  instead  is  projiortional  to  the  depth  of  the  vein,  and 
has  no  factor  in  the  usual  formula  which  takes  account  of  it.  From 
this  it  follows  that  the  incomplete  common  formula  is  forced  to 
represent  also  the  variations  of  the  discharge  depending  upon  the 
varying  depths  of  the  vein;  the  coefficient  of  horizontal  contraction  is 
obliged  to  assume  diverse  values,  while  from  its  nature  it  woiild  be 
constant.  The  questions  hence  reduce  themselves  to  sejjarating  the 
two  contractions  and  representing  each  in  the  equation  of  discharge  by 
proper  terms."* 

To  overcome  the  difficulty  here  described,  Cippoletti  concluded  to 
eliminate  the  effects  of  end  contraction  automatically  by  a  modification 
in  the  shape  of  the  weir.  Instead  of  making  the  ends  vertical  as  in  the 
rectangular  weir,  he  gave  to  them  a  slope  of  one  horizontal  in  four  ver- 
tical, as  determined  by  the  following  mathematical  deduction: 

' '  Keeping  in  mind,  as  ascertained,  that  the  effect  of  this  (end)  con- 
traction is  proportional  to  the  depth  of  the  stream,  and  equivalent  to 

♦Translated  from  "Canale  Villoresi,"  etc. 
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diminisliing  the  breadth  one-tenth  of  the  depth,  nothing  prevents  the 
ends  of  the  weir,  instead  of  being  vertical,  being  inclined  outward  in 
such  a  way  that  the  water  which  passes  through  the  two  triangles  may 
compensate  exactly,  for  each  head,  for  the  loss  caused  by  the  lateral 
contraction.  This  is  equivalent  to  constructing  a  weir  of  trapezoidal 
form,  in  which  the  inferior  base  is  assumed  as  the  breadth,  and  the 
discharge  is  given  by  the  common  formula, 

in  which,  therefore,  there  came  to  be  assumed  for  c  the  constant  value 
of  the  horizontal  contraction  alone,  found  by  Mr.  Francis  to  be  0. 623. 

There  remains  to  determine  what  should  be  the  inclination  to  apply 
to  the  sides  of  the  stream  in  order  that  the  discharge  through  the  two 
lateral  triangles  may  be  equivalent  to  compensating  for  the  efiect  of 
the  lateral  contraction. 

In  Figure  A  (Page  13)  let  m  n  represent  an  element  at  the  depth 
X,  below  the  surface;  its  area  will  be — 

h  —  X 
y  a  X  =  — 5 —  .  2  a  X. 
^  h 


Its  discharge  will  be  expressed  by 

'  h 


d  Q  =  c  — - —  .2\/2gxdx  =  c  -j-  V  ^g  (h  x^  d  x  —  x^  d  x). 


Integrating — 

Q=^c^V'^{ihx"-   —  f.c^). 

Taking  this  between  the  limits  x  =  h  and  x  =  0,   we  have — 

§  =  c;^\/27(|  h^-i  h-)  =cz.~\/'2^h\ 

From  the  other  part  of  the  Francis  formula  we  have  that  the  diminu- 
tion of  the  discharge  due  to  the  effect  of  the  lateral  contraction  on  one 
side  is  as  follows: 

c.  0.10  A.  f  \/~2'ff.  h*. 
For  which  reason  the  two  quantities  are  'equivalent,  so  that — 
c  2  -rrV  2  g  h^  =  c  .  0.10  h  i  \^  2  g  h-  ;  whence 

2  =  0  .  25  /i. 
That  is  to  say,  it  is  sufficient  to  construct  the  weir  with  the  sides 
inclined  at  i  in  1,  in  order  that  for  every  depth  of  the  stream  the 
effect  of  the  lateral  contractions  may  always  be  compensated  for  by 
the  water  that  flows  through  the  lateral  triangles,  and,  as  we  desired, 
without  need  of  taking  account  of  it  in  the  formula."* 

*  Translated  from  "  Canale  VilloreBi,"  etc.,  pages  37  and  38. 
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The  conditions  necessary  to  be  fulfilled  for  this  weir  in  order  that 
no  one  cause  may  produce  an  error  greater  than  ^  %  are  the  same  as 
are  usual  for  rectangular  weirs  with  complete  contraction.  And  the 
head  should  be  read  to  within  one-three-hundredth  of  the  depth  on 
the  sill.  The  weir  must  not  vary  more  than  4-  from  being  perj^eu- 
dicular  to  the  axis  of  the  canal.  From  a  study  of  causes  of  inaccu- 
racies, Cippoletti  concludes  that  Francis'  coelficient  should  be 
increased  one  per  cent.  Hence,  the  formula  for  discharge  for  the 
ti'apezoidal  weir  becomes,  in  English  units,  assuming  the  coeflBcient 
of  contraction  to  be,  as  determined  by  Francis,  0.623, 

As  far  as  the  writers  have  been  able  to  ascertain,  the  only  experi- 
ments that  have  been  made  to  test  the  reliability  of  this  coefficient 
are  those  of  Prof.  L.  G.  Carpenrier,  of  the  Colorado  State  Agricultural 
College,  on  weirs  6  ins.  and  12  ins.  long,  and  a  few  laboratory  experi- 
ments made  during  the  winter  of  1891-92,  by  Mr.  T.  McE.  Vickers, 
with  weirs  0.3  ft.,  0.6  ft.  and  0.9  ft.  long,  at  Cornell  University.  Both 
these  exjierimenters  found  that,  within  the  limits  of  their  experiments, 
Cippoletti's  formula  gave  results  not  liable  to  an  error  of  more  than 
one  per  cent. 

Thinking  the  field  to  be  an  interesting  one  for  experimental 
research,  the  writers  determined,  if  possible,  to  make  some  tests  on  a 
practical  scale. 

The  Holyoke  Water  Power  Company  kindly  granted  them  the  use  of 
their  testing  flume,  and  thus  aflbrded  as  good  conveniences  for  such  a 
series  of  experiments  as  they  have  conducted  as  could  probably  be 
had  anywhere,  excejjt  at  very  considerable  exi^ense. 

The  Flume  and  Apparatus. — ^The  flume  at  which  the  experiments 
were  conducted  is  situated  on  the  north  side  of  the  second  level  canal 
of  the  Holyoke  \Yater  Power  Company,  Holyoke,  Mass.,  and  is  used 
by  this  company  to  test  water  wheels.  The  building  was  erected  in 
1881,  under  the  direction  of  Clemens  Herschel,  M.  Am.  Soc.  C.  E. 

The  whole  structure  rests  on  a  good  foundation  of  piles.  "Water  is 
admitted  to  the  building  through  a  flume  9  ft.  in  diameter,  and  from 
the  receiving  reservoir,  flows  through  two  gates  into  the  wheel  pit, 
whence  it  passes  into  the  tail-race,  where  the  experiments  were  con- 
ducted, and  thence  out  into  the  canal,  over  the  rectangular  weir  used 
by  the  Water  Power  Company. 
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The  same  difficulty  presented  itself  here  that  has  been  encountered 
in  all  weir  exijeriments  of  any  magnitude,  except  those  of  Mr.  J.  B. 
Francis  and  Messrs.  Fteley  and  Stearns,  that  of  having  a  hasin  large 
enough  to  measure  the  -^-ater.  It  was  impossible  in  this  case  to  have 
a  basin  of  more  than  about  2  400  cu.  ft.  capacity  ;  besides,  no  by-pass 
could  be  arranged  for  the  waste  water,  and  so  it  was  decided  to  make 
the  quantity  measurements  over  the  rectangular  weii-  of  the  Water 
Power  Company.  This  weir  was  set  with  great  care,  and  complies 
with  all  the  requirements  determined  by  Mr.  Francis.  Hence  the 
writers  feel  satisfied  that  measurements  made  with  it  may  be  relied 
upon  as  reasonably  accurate. 

The  basin  in  which  the  two  weirs  were  set  is  35.5  ft.  long  and  20  ft. 
wide,  of  constant  cross-section. 

The  walls  and  bottom  are  covered  with  cement,  making  them  very 
nearly  water  tight.  The  weir  on  which  the  exi^eriments  were  made 
was  i^laced  19.2  ft.  back  of  the  rectangular  weir,  and  was  set  in  a  tem- 
porary dam  of  di-y  spruce  timbers  21  ft.  x  8  ins.  x  8  ins.,  the  ends  of 
which  were  built  into  the  wall  on  either  side.  The  top  timber  of  the 
stationary  part  of  the  dam  was  beveled  at  an  angle  of  45-  and  was 
grooved  at  the  up-stream  edge  on  top  so  as  to  receive  the  lower  ends 
of  the  weir  boards,  which  were  36  ins.  high,  12  ins.  wide,  and  2  ins. 
thick.  These  were  made  water  tight  by  mortising  each  and  driving 
in  a  sjjline  of  well-dried  white  pine  between  adjoining  boards.  The 
up-stream  face  of  the  dam  was  a  vertical  plane,  perpendicular  to  the 
axis  of  the  basin.  The  dam  was  well  braced  at  the  center  in  front  by 
an  ujiright  timber  12x12  ins.,  which  was  shored  to  a  cleat  in  the 
floor.  The  weir  boards  were  held  in  jjosition  by  a  6  x  6-in.  timber 
I)laced  horizontally  3  ft.  above  the  sill  of  the  weir  and  securely  braced 
against  the  roof,  which  is  made  of  I  beams  and  masonry  becaiase  the 
tail-race  extends  under  a  sjiur  freight  track. 

The  sill  and  sides  of  the  weir  were  made  of  *-in.  wrought  iron 
beveled  45-  to  0.1  in.  and  carefully  countersunk  into  the  uji-stream 
face  of  the  dam.  The  sill  piece  was  10  ft,  6  ins.  x  5  ins. ;  the  two  side 
pieces  3  ft.  x  3  ins.  All  three  presented  clean,  sharp  edges  to  the 
water.  Each  side  piece  was  fastened  to  its  weir  board  by  three  screws 
passing  through  three  slots,  and  thus  giving  oj^portunity  for 
accurate  adjustment  to  the  proper  inclination.  A  stilling  rack  was 
placed  11  ft.  back  of  the  trapezoidal  weir,  and  another  13  ft.  6  ins.  back 
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of  the  rectangular  weir,  to  direct  the  threads  of  water  parallel  to  the 
Bides  of  the  basin.  These  racks  were  made  of  boards  J  x  6  ins.  x  8  ft., 
beveled  to  a  feather  edge  on  the  down-stream  side,  and  placed  verti- 
cally Ij  ins.  apart. 

The  two  hook-gauges  used,  one  of  the  Emerson  and  one  of  the 
Sawyer  pattern,  read  by  vernier  to  0.001  ft.,  and  the  nearest,  0.0005  ft., 
could  be  estimated  readily.  They  were  placed  in  two  recesses  in  the 
walls,  one  on  either  side  of  the  basin.  Each  gauge  was  securely 
screwed  to  a  block  20  x  6  x  2  ins.,  which  in  turn  was  firmly  fastened  to 
the  masonry  wall  by  two  J-in.  bolts.  The  recesses  are  large  enough 
for  a  man  to  sit  in  comfortably  in  order  to  take  the  gauge  readings.  In 
one  is  an  electric  bell  which  strikes  every  minute  or  half  minute,  ac- 
cording as  the  clock  may  be  set  with  which  it  is  connected.  This 
recess  is  also  connected  by  a  sjieaking  tube  with  the  room  in  which  the 
gates  are  regulated. 

The  heads  (H)  were  measured  in  metal  pails  which  were  connected 
with  the  tail-race  in  the  folio-wing  way  :  Six  feet  back  of  each  weir, 
parallel  to  it,  and  1  ft.  above  the  bottom  of  the  tail-race,  there  was 
placed  horizontally  a  2-in.  brass  pipe,  the  under  side  of  which  was 
perforated  with  a  row  of  holes  i-in.  in  diameter,  2  ins.  apart.  At  one 
end,  this  pipe  was  connected  by  a  quarter-bend  to  a  straight  pipe  lead- 
ing along  the  wall  of  the  tail-race  to  the  hook-gauge  recess.  This  latter 
pipe  was  connected  by  a  piece  of  rubber  hose  to  the  bottom  of  the 
hook-gauge  pail,  thus  allowing  the  pail  to  be  raised  or  lowered,  so  as 
to  keep  the  water  surface  always  near  the  toj)  of  the  pail.  The  i^ails 
were  hung  on  sj^ecial  racks  fastened  to  the  wall.  This  arrangement 
added  materially  to  the  convenience  and  accuracy  of  observation. 
Before  the  experiments  were  begun,  steam  was  blown  through  these 
pipes,  to  clean  out  any  dirt  that  might  have  collected  in  them. 

With  the  sills  set  at  Z  =  4  ft. ,  the  first  stream  of  water  was  let  into 
the  tail-race.  The  wicket  in  the  dam  of  the  trapezoidal  weir  was  left 
open  so  that  both  basins  could  fill  at  the  same  time,  thus  relieving  the 
pressure  on  this  dam.  When  the  basins  were  nearly  full,  the  wicket 
was  lowered  and  the  water  was  soon  pouring  over  the  trapezoidal  weir 
with  a  head  of  about  vV  ft.  The  effect  which  this  vein  produced  uj^ou 
the  water  in  the  lower  basin  was  anything  but  pleasing.  The  stilling 
rack  seemed  to  have  only  a  slight  effect  upon  the  stream  ;  the  water 
boiled  up  as  from  a  small  cataract ;  whirlpools  and  eddies  were  to  be 
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found  evervTvliere  in  the  lower  basin,  and  back  currents  could  be 
plainly  seen  within  2  or  3  ft.  of  the  ends  of  the  rectangular  weir. 
Before  any  experiments  could  be  made  it  was  necessary  to  break  the 
force  acquired  by  this  vein  from  a  free  fall  of  nearly  2  ft.  to  the  surface 
of  the  water  in  the  lower  basin. 

First  of  all,  narrow  strips  were  nailed  across  the  backs  of  the  ver- 
tical pieces  of  the  stilling  rack,  making  a  sort  of  sieve  of  it  vdth 
meshes  about  Ij  ins.  square.  This  did  not  have  the  desired  eflfect, 
although  there  was  a  slight  change  for  the  better.  The  next  remedy 
tried  was  placing  slats  3  ins.  x  t  in-  x;  6  ft.  parallel  to  the  axis  of  the 
basin  from  just  below  the  sill  of  the  trapezoidal  weir  to  the  top  of 
the  stilling  rack  in  front  (Page  16).  These  slats  were  set  edgewise, 
about  3  ins.  apart,  with  one  corner  uppermost,  so  that  their  sides 
made  an  angle  of  about  45°  with  the  horizontal,  sloping  each  way  from 
the  center  of  the  weir,  so  as  to  break  up  the  vein  and  throw  the  water 
toward  the  sides  of  the  canal.  They  were  placed  far  enough  below  the 
sill  (0.6  ft.)  not  to  interfere  with  the  discharge.  Quite  a  marked 
eflfect  was  i^roduced  in  this  way  ;  but,  as  yet,  the  condition  of  the 
water  in  the  lower  basin  was  not  satisfactory  with  heads  over  -j^u  ft. 
Ul)on  the  suggestion  of  Mr.  A.  F.  Sickman,  hydraulic  engineer  for  the 
Water  Power  Company,  the  space  between  the  dam  and  the  stilling 
rack  was  filled  with  brushwood,  and  boards  were  placed  against  the 
up-stream  face  of  the  rack  so  as  to  extend  across  the  basin,  and  from 
a  few  inches  above  the  water  surface  to  1  ft.  or  li  ft.  below  it.  All 
these  devices,  together  with  a  floating  rack,  a  few  feet  from  the  down- 
stream side  of  the  vertical  stilling  rack,  produced  the  desired  effect,  a 
perfectly  smooth  surface  and  hardly  any  velocity  of  approach,  for 
heads  up  to  about  1  ft. 

The  floating  rack  consisted  of  two  3  x  12-in.  planks,  about  3  ft. 
apart,  extending  across  the  basin,  parallel  to  the  weir  and  held  in 
position  by  ropes. 

The  water  ai^proaching  the  trapezoidal  weir,  throughout  the  experi- 
ments was  uniformly  in  perfect  condition,  without  the  slightest  sign  of 
an  eddy  or  cross-current.  This  excellent  result  was  due  to  the  large 
area  of  cross-section  of  the  canal  of  approach  (the  width  being  20  ft. 
and  the  depth  below  the  crest  of  the  weir  nearly  8  ft.),  and  to  the 
method  of  admitting  the  water  (described  above).  Some  annoyance 
was  experienced   at  first   from  the  leaking   of    the   timber    dam  in 
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which  the  trapezoidal  weir  was  set.  When  the  two  basins  were  filled 
with  water,  an  additional  load  of  about  155  tons  was  brought  upon  the 
foundation,  and  caused  a  slight  temporary  settlement,  owing  to  the 
fact  that  the  flume  rested  on  piles  driven  into  soil  infested  with  quick- 
sands. When  the  water  was  removed,  the  floor  returned  to  its  former 
level.  This  action  caused  some  of  the  joints  of  the  dam  to  open  a 
little,  especially  the  one  between  the  bottom  timber  and  the  next 
timber  above  ;  the  bottom  timber,  being  cemented  to  the  floor,  rose 
and  sank  with  it.  To  overcome  this  difficulty,  the  timbers  were  more 
securely  bolted  and  nailed  together  and  to  the  center  post  in  front,  and 
the  joints  were  carefully  puttied.  But,  although  these  helped,  they 
were  not  a  sufficient  remedy,  because  they  had  to  be  applied  when 
there  was  no  water  in  the  basins,  and  then  the  joints  were  tight. 
Something  must  be  applied  which  would  take  up  the  slight  motion 
caused  by  the  settlement  of  the  floor.  Finally,  Mr.  Sickman  pro- 
posed, as  a  cheajj  and  probably  efl"ective  expedient,  that  strijis  of 
enamel  cloth,  such  as  is  used  for  covering  table  tops,  be  tacked  over 
the  joints  on  the  ujj-stream  face  of  the  dam  in  such  a  way  as  to  allow 
for  the  vertical  movement  and  yet  be  water-tight  along  their  edges. 
This  plan  proved  comjiletely  successful,  and  after  the  application 
of  the  enamel  cloth  there  was  no  noticeable  leak  from  the  upjjer 
basin. 

The  Experimenls.  — In  all,  39  tests  were  made,  ranging  from  a  head 
of  0.3  ft,  on  a  3-ft.  sill  to  a  head  of  1.25  ft.  on  a  9-ft.  sill.  Lack  of  time 
and  the  limitations  of  the  aj^j^aratus  prevented  us  from  further  ex- 
tending the  scope  of  our  experiments.  The  results  of  the  first  seven 
tests  cannot  be  used,  because,  as  was  discovered  during  the  seventh, 
the  temporary  dam  still  leaked;  hence  the  data  from  these  were  thrown 
out,  since,  owing  to  the  arrangement  of  the  water  passages  from  the 
wheel  pit  to  the  tail-race,  this  leakage  could  not  be  measured.  At  the 
close  of  the  seventh  experiment,  the  enamel  cloth  was  applied  to  the 
dam,  as  mentioned  above,  and  during  the  remaining  32  experiments, 
there  was  no  leak  through  this  dam. 

With  a  few  exceptions,  the  duration  of  an  experiment  was  ten 
minutes,  eleven  readings  of  each  hook-gauge  being  taken.  One  observer, 
throughout  the  experiments,  took  the  heads  u^jon  the  rectangular 
weir  with  the  Emerson  gauge;  the  other  observed  the  heights  on  the 
trapezoidal  weir  with  the  Sawyer  gauge.     The  electric  bell  was  set  to 
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strike  once  a  minute.  In  eacli  experiment,  the  ^\-ater  was  allowed  to 
run  until  it  was  ascertained  by  taking  several  readings  of  the  gauges 
that  the  flow  was  quite  steady.  Then,  at  a  given  signal,  we  began  to 
record  the  gauge  readings  at  each  ringing  of  the  bell.  By  means  of 
the  excellent  arrangement  of  gates,  the  depth  of  water  on  the  sills  of 
the  weirs  could  be  very  closely  adjusted  and  well  controlled.  Only 
at  certain  hours  of  the  day,  when  the  large  mills  were  starting  up  or 
shutting  down,  was  any  trouble  experienced  in  maintaining  a 
reasonably  constant  head. 

In  studying  the  records  of  the  gauge  readings,  it  was  noticed,  in 
the  cases  of  some  experiments,  that  by  omitting  one  or  two  readings 
at  the  beginning,  or  at  the  end,  or  both,  a  consecutive  list  of  heads 
could  be  obtained  which  had  a  much  smaller  extreme  variation  than 
was  given  by  the  whole  eleven  readings.  Examination  showed  that  the 
greater  variations  in  the  cases  of  the  rejected  readings,  as  well  as  in 
some  other  experiments,  were  probably  caused,  in  most  instances,  by 
the  sudden  shutting  off  or  letting  on  of  water  at  the  wheels  of  the  elec- 
tric street  railway  company,  whose  power-house  adjoins  the  testing 
flume.  At  or  near  the  quarter  hours,  all  the  cars  of  the  system  were 
stopped  for  a  half  minute  or  so  at  certain  transfer  stations.  These 
sudden  and  extreme  changes  in  the  load  on  the  wheels  at  the  central 
power  station  of  course  made  corresponding  fluctuations  in  the  amount 
of  water  drawn  by  the  wheels  from  the  canal,  and  this,  in  turn, 
slightly  affected  the  level  of  the  water  in  the  canal  near  the  entrance 
to  the  flume.  There  were  seven  experiments  altogether  from  which  one 
or  two  or  three  readings  of  iJhave  been  rejected.  In  five  of  these,  the 
rejected  readings  occurred  at  or  very  near  the  qiiarter  hoiar.  In  five 
cases,  to  have  retained  the  full  set  of  readings  would  have  given  a 
greater  extreme  variation  in  iJthan  that  in  Experiment  No.  20.  For  the 
trapezoidal  weir,  in  experiment  23,  the  extreme  variation  would  have 
been  0.0450  instead  of  0.0060;  in  experiment  39,  0.0210  instead  of 
0.0170.  For  the  rectangular  weir,  in  experiment  10,  the  extreme  var- 
iation would  have  been  0.0240  instead  of  0.0030;  in  experiment  23, 
0.0350  instead  of  0.0060;  and  in  experiment  39,  0.0215  instead  of  0.0155. 

In  a  few  other  experiments,  although  the  extreme  variation  in  H 
was  above  the  average,  the  erratic  readings  could  not  be  discarded 
without  breaking  the  continuity  of  the  set.  These  variations  in  H  for 
the  trapezoidal  weir  are  given  in  column  14  of  Table  No.  2,  and  for  the 
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rectangular  weir,  in  column  5.  The  largest  variation  given  by  column 
5  is  0.019  ft.  in  exi^eriment  20.  In  tlie  majority  of  cases,  the  variation 
does  not  exceed  0.008  ft.  In  column  14,  the  greatest  variation  of  H 
is  shown  to  be  0.02  ft. ;  also  in  experiment  20,  while  a  large  majority 
do  not  exceed  0.006  ft.  These  results  are  well  within  the  limits  of  the 
experiments  made  by  Mr.  Francis  at  the  lower  locks,  in  Lowell, 
Mass.,  in  1852,  his  greatest  variation  in  head  during  an  experiment 
being  0.0315  ft.  Of  course  when  a  value  of  H  for  the  trapezoidal  weir 
was  rejected,  the  corresponding  valve  of  H  for  the  rectangular  weir 
was  also  rejected. 

To  illustrate  the  above  remarks,  a  few  pages  from  the  note  book  are 
reproduced.     The  time  given  is  that  recorded  by  the  observer's  watches ; 
it  may  have  varied  slightly  from  that  of  the  street  railway  people. 
Experiment  9. — April  13th,  1893.    ^  =  4  ft.  Head  on  trapezoidal  weir: 
7.20  P.M.,  0.9605  ft. 
0.9575  " 

0.9580  "    Extreme  variation  in  11  readings,  0.008    ft. 
Arithmetical  mean  value  oi  H. . . .  0.9603  " 
Mean  H  by  Francis  formula 0.9602  "* 


7.21 

0.9575 

7.22 

0.9580 

7.23 

0.9600 

7.24 

0.9610 

7.25 

0.9615 

7.26 

0.9605 

7.27 

0.9605 

7.28 

0.9635 

7.29 

0.9655 

7.30 

0.9650 

Experiment  11. — April  13th,  1893.  i  =  4ft.  Head  on  trapezoidal  weir  t 

8.19  P.M.    0.4510  ft. 

8.20  "  0.4535  " 

8.21  "  0.4500  "    Extreme  variation  in  11  readings,  0.0110  ft. 

8.22  "  0.4515  "    Extreme     variation    in     first    8 

readings 0.0035  ft. 

8.23  "  0.4515"    Arithmeticalmeanvalueoffl...  0.4515  " 

8.24  "  0.4510  " 

8.25  "  0.4500  " 

8.26  "  0.4535  " 

8.27  "  0.4435  "  ?  t 

8.28  "  0.4425  "  ? 

8.29  "  0.4425  "  ? 

*  See  Page  26. 

t  Readings  marked  ?  were  omitted  in  reducing  the  data  of  the  experiment. 
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Experiment  18. -April  Uth,  1893.      ^  =  4.982  ft.    Head   on   trape- 
zoidal weir : 

11.53  A.M.  0.2385  ft. 

11.54  "  0.2390  " 

11.55  "  0.2395"    Extreme  variation  in  11  readings,  0.0060  ft, 

11.56  "  0.2410  "    Arithmetical  mean vahie  of  ff. .  ..  0.2390 

11.57  "  0.2405  "    Mean  fl  by  Francis^formula 0.2391  " 

11.58  "  0.2410  " 

11.59  "  0.2405  " 

12.00  M.  0.2390  " 

12.01  P.M.  0.2380  " 

12.02  "  0.2365  " 

12.03  "  0.2350  " 

Experiment  20.— April  14i-.li,    1893.      I  =  4.982  ft.  Head  on  trape- 
zoidal weir: 

2.35  P.M.  0.6880  ft. 

2.36  "  0.6885  " 

2.37  "  0.6735"    Extreme  variation  in  16  readings,  0.0200  ft. 

2.38  "  0.6795  "    Arithmetical  mean  value  of  fl" 0.6817 

2.39  "  0.6835  "    Mean  H  hj  Francis  formula 0.6817  " 

2.40  "  0.6935  " 

2.41  "  0.6835  " 

2.42  "  0.6735  " 

2.43  "  0.6820  " 
2.-44     "  0.6770  " 

2.45  "  0.6930  " 

2.46  "  0.6835  " 

2.47  "  0.6750  " 

2.48  "  0.6820  " 

2.49  "  0.6765  " 

2.50  "  0.6740  " 

Experiment   22.— April  14th,  1893.     /  =  4.982  ft.  Head  on  trape- 
zoidal weir: 

4.09  P.M.   1.1415  ft. 

4.10  "  1.1415  " 

4.11  "  1.1415  "    Extreme  variation  in  11  readings,  0.0035  ft. 

4.12  "  1.1435  "    Arithmetical  mean  value  oi  H 1.1423  ft. 

4.13  "  1.1430  " 
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4.14  P.M.  1.1420  ft. 

4.15  "  1.1415  " 

4.16  "  1.1445  " 

4.17  "  1.1420  " 

4.18  "  1.1410  " 

4.19  "  1.1430  " 

Experiment  23.— April  14th,  1893.  /  =  4.982  ft.  Head  on  trape- 
zoidal weir: 

4.34  P.M.  1.3995  ft. 

4.35  "      1.3995  " 

4.36  "      1.4000  "    Extreme  variation  in  11  readings,  0.0450  ft. 

4.37  "      1.4030  "    Extreme     variation     in     first     9 

readings 0.0060  ft. 

4.38  "  1.4035"    Arithmetical  mean  value  of  H: 1.4021" 

4.39  "  1.4015"    Mean  i7  by  Francis  formula 1.4021" 

4.40  "  1.4055  " 

4.41  "  1.4035  " 

4.42  "  1.4025  " 

4.43  "  ? 

4.44  "  ? 

The  notes  of  experiments  11  and  23  are  reproduced  as  examples  of 
cases  in  which  readings  of  H  were  rejected.  Number  20  is  given  be- 
cause in  this  experiment  the  greatest  variation  in  H  occurred,  and 
because  it  represents  a  few  cases  to  which  this  method  of  selection 
could  not  be  ajjplied  for  the  reason  that  the  head  fluctuated  continu- 
ally throughout  the  course  of  the  experiment.  Numbers  9,  18  and  22 
represent  the  majority  of  the  experiments,  in  which  the  variations 
were  slight.  Number  22  is  noteworthy  for  showing  so  small  a  varia- 
tion with  so  great  a  dejjth  on  the  weir. 

Each  hook-gauge  had  an  adjustable  vernier,  and,  consequently, 
could  be  set  to  read  exactly  0.000  when  the  point  of  the  hook  was  at 
the  level  of  the  sill  of  the  weir  with  which  the  gauge  was  connected. 
An  18-in.  engineer's  Y  level  and  a  light  rod  were  used  in  comparing 
the  heights  of  the  sills  with  the  gauges.  Several  such  comparisons 
were  carefully  made  during  the  course  of  the  experiments. 

The  sill  lengths  were  measured  with  standard  1,  4,  6  and  8-ft. 
wooden  rods  made  by  Darling,  Browne  k  Sharjje,  of  Providence,  R.  I. , 
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aud  graduated  to  hundredths  of  a  foot.  These  rods  were  tested  by 
Prof.  W.  A.  Rogers,  of  Cambridge,  and  found  to  be  very  accurate.  In 
order  to  insure  accuracy  in  the  slope  of  the  ends  of  the  trapezoidal 
weir,  a  template  of  hard  wood  was  carefully  made,  having  sides  about 
2  ft.  long,  which  could  be  ai3plied  to  the  angles  of  the  weir.  By  means 
of  the  slots  and  screws  mentioned  above,  the  iron  plates  forming  the 
ends  of  the  weir  could  be  adjusted  so  as  to  fit  the  template  to  a  nicety. 

At  the  close  of  the  32d  experiment,  it  was  noticed  that  the  middle  of 
the  temporary  dam  for  the  trapezoidal  weir  had  bulged  a  little. 
Measurement  showed  that  the  center  of  the  sill  (set  at  ^  =  7.952  ft.) 
was  about  f  in.  out  of  line.  This  deflection  proved  to  be  too  small  to 
sensibly  aflfect  the  measurement  of  /. 

The  least  distance  from  the  end  of  the  sill  to  the  nearer  side  of  the 
canal  of  approach  L  occurred  iu  series  VI  when  I  =  8.943  ft.,  and  was 
about  5.5  ft.  Since  the  greatest  head  in  this  series  was  0.9478  ft.,  the 
condition  that  L  miist  be  at  least  2  H  was  abundantly  fulfilled.  G 
for  the  rectangular  weir  was  5.8  ft.,  and  the  greatest  head  on  it  was 
1.4056  ft.  in  exj)eriment  32.  G  for  the  trapezoidal  weir  was  7.8  ft.,  and 
the  greatest  head  on  it  was  1.4021  ft.  in  experiment  23.  Hence  the 
requirement  that  G  must  be  at  least  3  H  was  fully  satisfied. 

As  the  temporary  dam  was  made  quite  tight,  there  is  no  correction 
for  leakage  to  be  made  in  the  discharge  over  the  trapezoidal  weir.  The 
leakage  from  the  lower  basin  was  determined  by  shutting  the  admission 
gates  comiDletely  and  then  taking  three  or  four  readings  of  the  hook- 
gauge,  the'  first  just  when  the  water  had  entirely  ceased  to  flow  over  the 
sill  of  the  rectangular  weir,  the  second  about  five  or  six  minutes  later, 
and  the  third  at  the  end  of  10  or  12  minutes.  It  was  i^ossible  to  take 
these  small  readings  below  the  level  of  the  sill,  because  the  stem  of  the 
hook-gauge  was  gradiiated  for  a  short  distance  above  the  zero  point. 
From  these  observations  the  subsidence  of  the  water  in  a  given  time 
was  obtained,  and  knowing  the  net  area  of  the  horizontal  cross-section 
of  the  basin,  the  amount  discharged  in  the  given  time  was  easily  com- 
jiuted.  The  average  was  found  to  be  2.274  cu.  ft.  jaer  minute,  or  about 
0.038  cu.  ft.  i^er  second.  But  this  cannot  be  taken  as  the  rate  of  leak- 
age during  an  experiment.  Regarding  the  crevices  through  which  the 
water  escaped  as  submerged  orifices,  the  discharge  through  them  can 
be  considered  as  varying  nearly  in  proportion  to  the  square  roots  of 
the  eftective  heads  upon  the  oi-Jfeces,  i.  e.,  in  proi^ortion  to  the  square 
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roots  of  the  cliflferences  between  the  water  levels  in  the  lower  basin  and 
the  second  level  canal  into  which  the  weir  discharged.  The  crest  of 
the  rectangular  weir  was  about  0.8  ft.  above  the  surface  of  the  water  in 
the  second  level  canal,  and  so  the  measurements  which  gave  the  above 
rate  of  discharge,  2.274  cu.  ft.  per  minute,  were  made  when  the  effect- 
ive head  on  the  orifices  was  approximately  0.8  ft.  Hence,  to  obtain 
the  correction  for  leakage  {M)  for  any  experiment  the  following  formula 
has  been  used : 

2^27£^_(A-l-0^ 

~~        VoTs 

t  being  the  time  in  minutes. 

The  numerical  results  of  32  experiments  are  embodied  in  the  table 
on  the  folded  inset  sheet.  All  quantities  are  expressed  in  English  units. 
Some  of  the  columns  call  for  no  remarks  besides  the  statements  given 
in  the  nomenclature  ;  but  others  need  a  word  of  explanation. 

Columns  2  and  11,  IT,  give  the  mean  observed  heads  on  the  weirs 
during  the  experipient.  In  those  cases  in  which  the  extreme  variation 
of  the  head  did  not  exceed  0.005  ft.,  the  arithmetical  mean  of  t^e 
hook-gauge  readings  was  taken  as  the  value  of  H  for  that  experiment. 
In  other  cases,  the  msan  head  was  determined  by  the  use  of  the  formula 
given  by  Mr.  J.  B.  Francis,  on  page  112,  Article  150,  "Lowell  Hy- 
draulic Experiments."     It  is  deduced  as  follows  : 

It  is  very  nearly  accurate  to  say  that — 

t'  i        f.' 4- f  ^       t"  4-t'"  4  t"  ^ 

also  q  —  T  G I  H'^,  approximately.     Whence — 

in  which  //,,  f/,,  .  .  .  H ^  are  the  observed  heads,  the  arithmetical 
means  being  taken  of  readings  varying  by  not  more  than  0.002  ft. 
t',  t" ,  t'"  .   .   .  t^  are  the  corresponding  intervals  of  time. 

T=t'  +  t"  -\-  f"  4-  .  .  •  +<"*. 
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tciV^ 

9    I  hi 

SO 

ai 

aa          as 

a4: 

a5 

ae 

37 

3i 

q.' 

Q-               C 

Cl» 

Per  Cent, 
of  Error. 

Temp. 
Fahr. 

Eemabks. 

9705.244 
7448.270 
3889.786 
1706.2.31 
1668.958 
1094.239 
2862.703 

995.952 
4631.213 
7929.818 
1140.393 
3096.886 
8186.226 
7656.737 
.1711.865 
.26.56.822 
19.59.104 
6896.952 
0326  595 
5016.886 
1557.709 
26.54.573 
6147.521 
.3118.121 
.9146.982 
4977.126 
2851.546 
.0051.227 
.6164.424 
1029.319 
2672.519 

424.236 

9740.966 

7482.174 

3912.317 

1726.195 

1696.268 

1120.480 

2891.826 

1021.990 

4662.448 

7964.137 

1166.729 

3126.311 

8234.362 

7690.833 

11746.032 

12685  835 

1978,445 

6928.120 

10359.977 

15052.775 

1583.918 

2682.049  - 

6178  139 

1.3153.044 

19184.748 

5001.661 

2879.237 

10084.439 

16200.861 

1038.674 

2689.355 

434.988 

16.235 

12.470 

9.315 

4.110 

2.827 

1.867 

4.820 

1.703 

7,771 

13.274 

1.945 

5.211 

9.149 

12.818 

19.577 

26.429 

4.712 

11.547 

17.267 

25.088 

2.640 

4.470 

10.297 

21.922 

31.975 

10.420 

4.799 

16.807 

27.001 

5.770 

8.964 

1.812 

3.298 
3.308 
3.342 
3.387 
3.450 
3.521 
3.463 
3.341 
3.278 
3.270 
3.339 
3.301 
3.263 
3.288 
3.217 
3.194 
3.278 
3.245 
3.232 
3.247 
3.301 
3  274 
3.241 
3.268 
3.2.53 
3.325 
3.366 
3.318 
3.272 
3.296 
3.293 
3.255 

.617 
.619 
.625 
.633 
.645 
.658 
.648 
.625 
.613 
.612 
.624 
.617 
.610 
.615 
.602 
.597 
.613 
.607 
.605 
.607 
.617 
.612 
.606 
.611 
.608 
.622 
.630 
.621 
.612 
.616 
.616 
.609 

2.06 
1.75 
0.74 
+  0.59 
+  2.46 
+  4.57 
+  2.85 
0.77 
2.64 
2.88 
0.83 
1.96 
3.09 
2.35 
4.46) 
5.14J 
2.64 
3.62 
4.01 
3.56 
1.96 
2.76 
3.74 
2.94 
3.39 
1.25 
0.03 
1.46 
2.82 
2.11) 
2.20  > 

Air,  46° 
Water.  89, 5° 

Air,  45" 
Water,  39.6° 

1 

Water  at  rectangular 

1 

weir    not    very 
smooth. 

do. 

Air,  45° 
Water.  38= 

do. 
do. 

i 

Fluctuating  head. 

3.. S3) 

1 
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8 
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10 
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13 

14 

15 

le 

17 

IS 
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10 

40 

Kl 

aa 
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as 

»0 

117 

AND    NO. 

( 

a 

h. 

A 

e.v.h. 

1 

1 

M 

«• 

« 

a           K 

k 

e.  •.  h. 

I 

c 

e 

Per  Cent, 
of  Error. 

• 

4i 

"' 

«• 

C 

«.■ 

Por  Oout. 
of  Error. 

Toiup. 

li^Ur. 

Rkmahks. 

1-8 
9 
10 
11 
19 

la 

Il-U 

It 

1« 

n 

iii-i» 

IS 
10 
91 
31 

(KKI 
CM 
fill 
iW 
OOO 
Olio 
««J 
600 
BW 
000 
OOO 

8011 

480 
410 

too 

000 

000 

Olio 
000 
000 

000 

Olio 

mo 
aim 

1.1731' 
0.9TO0' 
0.3017 
0.1981 

o.aesB' 
o.iosa 

O.Slll> 
O.UOQ 
0.70M1 
1 .0118< 
0.1780> 

o.taooi 

0.7Bai' 
0.WIH8* 

1  .ooso 
i.iaio" 

0.38II 
0.70» 

n.»i30 

1.1010 

o.im- 

0.30711" 
O.OMW' 
l.OHOB 
1.1000" 
O.OOSSi 
0.3803 
0.0001 
1.1931 
0.7011* 
0.0S30" 
(1.8108* 

0.0001 
0.0001 
0.0001 

oioooi 

oioboi 
o]oooo 

6!6ii63 
o.oooo 

6!oiioi 

I 
0 

0 

0 

1 

0 
0 
0 
0 

1 
1 

0 
0 

1 

0 
0 

1 

0 
0 
0 

1781 
0701 
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—  0.0001 

0.0055 
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0.0055 
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+  0.0002 

+  0.0002 

0.0060 

30.. 

10 

0.6505 

0.6503 

—  0.0002 

0.0060 

1 

32.. 

10 
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38.. 
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The  small  figures  to  the  right  and  above  the  values  of  H  in  these 
columns  show  the  number  of  combinations  of  readings,  used  in  finding 
the  mean,  1.  e.,  they  give  the  values  of  the  subscrij^t  n  in  the  above 
formula. 

The  above  Table  Xo.  1  compares  the  mean  values  of  if  as  obtained 
by  the  use  of  the  formula  with  the  arithmetical  means.  The  results 
in  columns  5  and  9  would  seem  to  show  that  the  error  arising  from 
taking  an  arithmetical  mean  of  the  readings  of  the  hook-gauge  instead 
of  deducing  the  mean  value  of  H  by  the  more  correct  method  depends 
not  so  much  upon  the  range  of  the  variations  of  the  readings,  as  upon 
the  relation  of  each  reading  to  the  arithmetical  mean — the  grouping, 
so  to  speak,  of  the  readings  about  the  arithmetical  mean  as  a  center 
of  gravity.  In  any  case,  the  difference  is  too  small  to  be  worth  taking 
account  of  in  the  ordinary  use  of  the  weir,  and  seems  equally  liable  to  be 
positive  or  negative.  Hence,  in  a  series  of  measurements,  these  errors 
would  tend  to  balance  one  another.    It  is  concluded  from  this,  therefore,. 
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that  in  the  great  majority  of  cases,  it  is  safe  to  take  the  arithmetical 
mean  of  the  hook-gauge  I'eadings  as  the  value  of  the  head. 

Columns  3  and  12,  h^,  give  the  values  of  the  heads  corresponding 
to  the  velocities  of  approach.  These  values  were  obtained  bj  use  of 
the  formula  : 

7^„  =  0.01555  (^^i)' 

in  which  Qy  is  the  approximate  value  of  the  discharge  given  by  the 
formula  : 

10        # 

Columns  4  and  13,  h,  give  the  values  of  the  effective  heads  on  the 
weirs.  In  correcting  for  velocity  of  aiiproach,  Mr.  Hamilton  Smith, 
Jr.  's,  method  has  been  followed,  employing  his  formula  for  weirs  with 
complete  contractions  : 

Columns  5  and  14  give  the  extreme  variation  in  H  during  an  experi- 
ment, i.  e.,  the  difference  between  the  lowest  and  the  highest  reading 
of  the  hook-gauge. 

Columns  7,  9,  10,  16,  17  and  18  were  computed  from  the  results 
obtained  by  substituting  in  the  formula  : 

10  i 

o  , 

in  which  0. 623  is  taken  as  the  value  of  the  coefficient  of  contraction. 
Columns  20,  21,  22,  23,  24  and  25  were  computed  from  the  results 
obtained  by  the  use  of  the  formula  : 

a 

qy=^ic  tV  2  ^  /  /^   =  5.347  ^  c  Z  7i'\ 

Column  19  gives  the  values  of  c  used  in  the  above  formula.  These 
values  were  obtained  by  interpolating  in  Table  No.  48,  page  132, 
Hamilton  Smith,  Jr. 's,  "Hydraulics." 

Columns  18  and  25  show  the  percentage  of  variation  of  the  co- 
efficient for  the  trapezoidal  weir,  as  deduced  from  the  data  of  the 
experiments,  from  3.36f,  the  coefficient  deduced  by  Cippoletti's  mathe- 
matical research. 

Per  cent,  of  error  =  3.3  f  ~  C  ^  .03367. 


PLINX   AKD   DYER   ON   CIPPOLETTI   TRAPEZOIDAL    WEIK.      29 
CoNCIjUSIONS. 

The  experiments  would  have  been  much  more  satisfactory  if  the 
discharge  from  the  trapezoidal  weir  cotild  have  been  measured  by 
dii'ect  cubic  measurements.  Nevertheless,  the  writers  believe  that  they 
can  fairly  say  that  their  work  was  done  with  sufficient  care,  and  the 
apparatus  used  was  accurate  enough  to  give  results  of  some  i>ractical 
value. 

The  discharge  of  the  rectangular  weii-  has  been  computed  in  two 
ways  ;  first,  by  using  the  Francis  formula — 

q  =  t\^  {l  —  0.2h)  ?ii, 
in  which  the  coefficient  of  contraction  has  the  constant  value  0.623, 
the  value  assumed  by  Cippoletti  in  deducing  his  coefficient ;  second, 
by  emj)loying  the  formula — 

q  =  t  c  i  's/ 2g  I  h2, 

which  for  this  locality  becomes — 

q=^^.Zil  tclhi, 

the  values  of  c  being  taken  from  the  table  compiled  by  Mr.  Hamilton 
Smith,  Jr.  The  values  of  G  comjiuted  from  either  set  of  figures,  with 
a  few  exceptions  in  each  case,  indicated  by  plus  signs  in  columns  18 
and  25,  fall  below  3.36|. 

Why  these  four  experiments,  Nos.  11  to  14  inclusive,  should  give 
values  of  C  greater  than  the  theoretical  value,  while  all  the  others  give 
results  which  fall  below  the  theory,  the  writers  are  at  a  loss  to  exj^lain. 
These  experiments  were  made  with  same  care  as  the  others,  and  no 
peculiar  conditions  were  designedly  introduced,  nor  were  there  any 
accidental  causes  of  eiTor  in  these,  as  far  as  observed,  diflferent  from 
those  in  the  others.  These  four  experiments  were  made  at  the  close  of 
the  evening's  work  on  April  13th,  but  the  fact  of  their  having  been 
made  in  the  evening  does  not  of  itself  seem  a  sufficient  reason  for  the 
peculiarity  of  their  results,  for  Nos.  9  and  10  and  Nos.  25  to  30,  inclu- 
sive, were  also  made  in  the  evening,  and  their  results  exhibit  no  such 
departure  from  the  majority. 

The  results  of  the  Smith  formula  vary  less  from  Cippoletti's 
assumed  value  of  G,  but  differ  a  little  more  from  their  own  average 
than  do  those  given  by  the  Francis  formula.  In  studying  the  jjercentages 
of  error  in  columns  18  and  25,  to  discover  if  there  were  any  law  gov- 
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erning  their  variation,  it  was  found  that  (with  five  or  six  exceptions)  in 
each  series,  as  the  heads  increased,  the  per  cent,  of  negative  variation  of 
G,  from  3.36|  also  increased.  This  seems  to  indicate  that  the  increase 
of  the  area  of  the  vein  due  to  the  inclination  of  the  sides  of  the  weir 
is  not  quite  sufficient  to  compensate  for  the  effects  of  the  end  contrac- 
tions ;  for,  if  the  discharge  through  the  added  triangles  were  just  equal 
to  the  diminution  of  the  total  discharge  due  to  the  effects  of  end  con- 
traction, and  if  the  rectangular  weir,  by  using  the  Francis  formula, 
would  give  the  discharge  with  an  error  not  greater  than  1%,  we  should 
naturally  expect  that  the  variations  in  the  error  would  not  follow 
the  changes  in  the  head,  but  that  the  coefficient  would  be  as  likely  to 
show  a  positive  as  a  negative  error  (due  to  inaccuracies  in  experimenta- 
tion) and  Avould  depart  in  either  direction  but  1  or  2%  from  the  value 
theoretically  deduced  from  the  Francis  coefficient.  However;  the 
writers  feel  somewhat  reluctant  about  drawing  any  such  conclusion 
from  the  few  experiments  which  they  had  opportunity  to  make,  and  the 
more  so  because  they  were  unable  to  measure  the  discharge  directly, 
but  were  obliged  to  determine  it  by  the  aid  of  the  rectangular  weir. 

It  may  be,  however,  that  the  exi^lanation  of  this  connection  between 
the  error  and  the  head  is  to  be  sought  in  the  arrangement  of  the  appar- 
atus. That  is  to  say,  the  water,  as  it  approached  the  rectangular 
weir,  may  have  had  a  greater  velocity  due  to  its  fall  from  the  trapezoid- 
al weir  than  was  suspected,  and  it  may  be  that  there  should  be  a 
greater  allowance  made  in  the  discharge  on  this  account  than  the  usiiial 
correction  for  velocity  of  approach.  On  this  point,  all  that  can  be  said 
with  assurance  from  actual  observation  is,  that  the  surface  of  the  water 
was  smooth,  and  that  chips  or  other  light  surface  floats  showed  only  a 
very  slight  velocity,  excepting  in  the  cases  where  it  is  noted  to  the  con- 
trary. Of  course,  the  greater  the  head,  the  larger  would  be  the  quan- 
tity of  water  falling,  and,  consequently,  the  greater  the  difficulty  in 
overcoming  the  velocity  due  to  its  fall  from  the  Cippoletti  weir. 
Hence,  possibly,  the  increasing  error  with  the  increase  of  head. 

Results  given  by  the  formulas,  making  a  reasonable  allowance  for 
inaccuracies  of  observation  in  careful  work,  are  generally  considered 
to  be  liable  to  an  error  of  about  \%,  i.  e. ,  the  discharge  may  as  truth- 
fully be  said  to  be  either  q  +  0.01^  or  q  —  O.Olq  as  to  be  called  q.  Now, 
in  these  exijeriments,  since  the  water  was  given  an  initial  velocity  by 
its  fall  from   the  trapezoidal  weir,  and  since  it  is  probable  that  this 
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velocity  was  not  entirely  overcome  before  the  water  reached  the  rect- 
angular weir  (although  the  surface  was  made  quite  smooth  by  the 
devices  used),  it  seems  fair  to  assume  that  the  balance  of  error  was  in 
favor  of  increasing  the  discharge.  The  average  value  of  C  in  column 
16  is  3.283.  Making  the  correction  in  q  by  adding  0.01^,  the  value  of 
C  becomes  3.316,  which  varies  from  3.36f  by  1.51  per  cent.  But  a  few 
of  the.  experiments  should  not  have  equal  weight  with  the  others.  In 
Nos.  22,  23,  27,  32  and  36,  the  surface  of  the  water  was  noticeably 
agitated  as  it  approached  the  rectangular  weir ;  and  in  experiments 
37,  38  and  39  the  head  fluctuated  rapidly,  because  these  tests  were 
made  at  noon  time  on  Saturday,  when  many  of  the  large  mills  were 
shutting  down.  Omitting  these,  the  average  value  of  C  in  column  16 
becomes  3.301;  and,  making  the  correction  in  q,  as  above,  (7  now  be- 
comes 3.334,  which  differs  from  3.36f  by  0.98  per  cent. 

Considering  the  results  given  by  Smith's  formula,  the  average  value 
of  C  is  found  in  column  23  to  be  3.304.  Correcting  ^,  in  the  same  way 
as  q  above,  C  becomes  3.337,  which  varies  from  3.36f  by  0.030  or  0.89 
per  cent.  Omitting  numbers  22,  23,  27,  32,  36,  37,  38  and  39,  as  before, 
the  average  value  of  C  is  found  to  be  3.321;  and  increasing  q^  for  the 
remaining  experiments  by  1%,  as  before,  C  becomes  3.354,  which 
differs  from  3.36f  by  0.013,  or  0.39  per  cent. 

Therefore,  the  writers  think  it  fail-  to  conclude  from  these  results 
that  Cippoletti's  formula,  Q  =  C  I  Tr,  when  applied  to  a  proi^erly  con- 
structed trapezoidal  weii-,  will  give  the  discharge  with  an  error,  due  to 
the  combined  inaccuracies,  not  greater  than  one  jjer  cent. 

Cippoletti's  object  was  to  determine  a  form  of  weii*  and  a  formula 
which  should  measure  the  discharge  with  an  error  arising  from  any 
one  disturbing  cause  not  greater  than  \  of  one  per  cent.  In  order  to 
attain  to  this  standard,  the  weir  must  satisfy  the  following  reqtiire- 
ments,  in  addition  to  those  usiial  for  all  weii's: 

"There  must  be  complete  contraction  at  each  end  and  on  the 
bottom. 

"The  velocity  of  approach  must  be  small,  not  exceeding  0.5  ft.  per 
second  for  weirs  1  m.  (39.37  ins.)  long,  with  a  head  1  ft.,  or  0.66  ft.  for 
weirs  2  m.  long,  with  a  head  of  2  ft.  The  cross-section  of  the  canal  of 
api^roach  should  be  at  least  seven  times  that  of  the  vein  of  water  in 
the  i^lane  of  the  weir. 

"The  inaccuracy  in  the  measurement  of  the  head  should  not  exceed 
one-third  of  one  per  cent. 
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"The  weir  should  not  vary  more  than  4^  from  being  ijerpendicular 
to  the  canal  of  approach. 

"  The  sill  must  be  hoi-izontal."  * 

The  principal  advantage  claimed  for  the  trapezoidal  weir  is  that  the 
computations  are  much  simpler  than  for  any  other  form  of  weir.  Any- 
body who  can  read  a  simijle  gauge  and  can  multiply  can  use  this  weir 
after  it  has  been  properly  installed,  for  if  a  table  be  compiled  giving 
the  discharge  over  a  1-ft.  sill,  with  various  heads,  the  discharge  for 
any  sill  length  can  be  obtained  by  multiplying  the  number  in  the  table 
under  the  given  head  by  the  length  of  the  given  sill.  This  obtains 
because  of  the  automatic  elimination  of  the  effect  of  end  contraction, 
making  the  discharge  for  any  given  head  vary  directly  as  the  sill 
length,  which  the  writers  have  found  to  be  nearly  true  experimentally, 
as  can  be  readily  deduced  from  the  table. 

There  are  no  two  experiments  in  the  set  between  which  a  direct 
comparison  of  the  effects  of  a  variation  in  I  alone  can  be  made,  for  it 
was  not  practicable  to  get  the  head  on  the  weir  exactly  the  same  in 
two  experiments.     However,  there  are  two   or  three  cases  in  which 

the  variation  in  h  is  small.     According  to  the  formula,   ^'  =  '    '^ 

Comparing  experiments  Nos.  12  and  24,  we  find  a  difference  of  only 
0.0018  ft.  in  the  head.  Substituting  in  the  above  exin-ession,  we  have 
2.827  -^  4.712  =  0.60  and  (4.000  x  0.3475')  ^  (6.963  x  0.3493^)  =  0.57. 
But  from  column  25,  we  see  that  the  results  of  No.  12  have  a  joositive 
variation  from  the  theoretical  coefficient  of  2.4&%,  while  the  results 
of  No.  24  have  a  negative  variation  of  2.64  per  cent.  Comjiaring  in  a 
similar  manner  exjjeriments  Nos.  18  and  28,  where  the  difference  in 
head  is  0.0028  ft.,  we  have  1.945  -^  2.640  =  0.74,  and  (4.982  x  0.2391?) 
-;-  (6.963  X  0.2363=)  =  0.73.  Here,  the  respective  errors  iu  column  25 
are  0.83%"  and  1.96^,  both  negative. 

According  to  the  formula,  Q  should  vary,  also,  directly  as  ifi-  The 
exijerimental  results  fulfill  this  requirement  very  nearly.  Comparing 
Nos.  15  and  17,  we  have  1.703  -^  13.274  =  0.128,  and  0.1937=  ^  0.7724= 
=  0.126.  Likewise  in  Nos.  18  and  21,  we  have  1.945  -;-  12.818  =  0.152, 
and  0.2391=  ^  0.8491-  =  0.149.  A  number  of  other  similar  compari- 
sons show  equally  good  or  better  results. 

The  trapezoidal  weir  can  be  used  as  a  divisor,  therefore,  and  is 

*From  "Canale  Villoresi,"  etc. 
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especially  adajited  to  use  on  irrigation  canals.  For  about  10  years  it 
has  been  emjiloyed  in  Italy,  and  has  given  general  satisfaction.  One 
of  the  chief  objections  to  all  measuring  devices  used  on  irrigating 
systems  has  been  theii*  imfairness  in  that  their  inaccuracies  favored 
the  users  of  the  larger  quantities  of  water.  Cippoletti  has  overcome 
this,  it  is  claimed.  The  trapezoidal  weii",  if  it  favors  any  one,  prob- 
ably favors  slightly  the  consumers  of  the  smaller  quantities  of  water. 

The  authors  regret  that  the  exiDeriments  have  so  limited  a  range. 
However,  they  respectfully  submit  the  above  figures  to  the  engineer- 
ing profession,  trusting  that  the  fruits  of  these  labors  may  not  be 
entirely  without  practical  value.  Some  of  the  deductions  may  be 
erroneous,  but  they  have  tried  to  record  the  results  accurately  and 
honestly.  Others  may  make  such  interpretations  for  themselves  as 
their  exi^erience  and  judgment  may  direct. 

The  authors  wish  to  acknowledge  their  indebtedness  to  the  Holyoke 
Water  Power  Comiiany  for  the  use  of  its  testing  flume  and  the  accom- 
panying conveniences;  to  Mr.  A.  Frank  Sickman,  hydraulic  engineer 
of  the  above  company,  for  valuable  suggestions  and  personal  assist- 
ance; to  Mr.  J.  M.  Goodell,  Assoc.  Am.  Soc.  C.  E.,  assistant  editor  of 
the  Engineering  Record,  and  to  Prof.  L.  G.  Carjjenter,  of  the  State 
Agricultural  College,  Fort  Collins,  Colorado,  for  information  and 
literature. 
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TESTS  OF  CONDENSATION  IN  CAST-IHON 
EADIATORS. 

By  WiLiiiAM  J.  BAiiDWiN,  M.  Am.  Soc.  C.  E. 
Bead  at  the  Annual  Convention,  June,  1894. 


The  writer  had  occasion  recently,  in  connection  with  his  professional 
work,  to  make  some  comparisons  as  to  the  relative  efficiencies  of  several 
of  the  regular  makes  of  cast-iron  radiators  now  on  the  market,  and 
ones  that  are  considered  good  types  of  dii'ect  cast-iron  radiators.  The 
results  of  the  exi>eriments  hereinafter  given  were  obtained  from  four  of 
these  radiators  that  were  selected  as  a  standard  of  comparison  for  a  new 
radiator  about  to  be  put  on  the  market.  The  results  of  these  ex- 
periments are  given  to  this  Society,  as  they  form  valuable  data  by  which 
an  engineer  can  approximate  the  amount  of  condensation  likely  to  take 
place  in  the  heating  apparatus  of  a  building,  and  also  show  how 
near  the  line  of  condensation  agrees  in  steam  pipes  with  a  line  of  the 
difference  of  temperature  between  air  and  steam. 

The  writer  is  compelled  to  omit  the  name  and  make  of  these  four 
types,  but  as  the  results  run  so  nearly  together  he  i^resumes  it  is  not 
necessary  to  go  further  than  to  say  that  they  are  the  ordinary  well- 
known  types  of  cast-iron  sectional  radiators  that  are  so  much  used  at 
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the  present  day.  All  radiators  were  of  48  sq.  ft.  of  surface,  according 
to  their  commercial  rating,  excepting  that  designated  as  No.  3,  wliich 
contains  52  sq.  ft.  and  which,  when  reduced  to  the  value  of  48  sq.  ft., 
gives  the  dotted  line  shown  and  designated  as  X — X  (Plate  IV). 

The  method  of  comparison  used  was  that  kno^vn  as  the  condensation 
test,  the  only  one  which  is  of  any  value  in  determining  the  comparative 
value  of  radiators,  and  consisted  of  taking  steam  from  a  boiler  at  90  lbs. 
pressure  and  conveying  it  in  a  1-in.  pipe  to  a  water  separator.  This 
water  separator  was  "trapped  "  in  the  usual  manner  with  a  Nason  trap. 
Prom  the  top  of  the  sejDarator  a  1-in.  pipe  led  to  a  reducing  pressure 
regulating  valve  and  from  the  pressure  regulating  valve  it  led  into  a 
header  of  2  ins.  inside  diameter.  The  connection  for  each  radiator  was 
made  of  ^-in.  pipe,  taken  from  the  upper  side  of  this  header  through 
a  short  nipple,  and  thence  by  another  short  nij^ple  into  the  radiator, 
an  angle  valve  being  used  at  the  corner.  It  is  probable  that  the  con- 
densation taking  place  in  the  two  shoi't  nipples  and  in  the  valve  was 
carried  forward  into  the  radiator;  but,  the  quantity  being  so  small,  it 
has  not  been  considered,  as  it  was  the  same  in  each  case. 

The  radiators  were  placed  on  platforms  2  ft.  above  the  floor  and  36 
ins.  from  center  to  center.  Over  each  radiator  was  placed  a  frame  covered 
with  muslin.  The  muslin  in  all  cases  was  6  ins.  from  the  sides  and 
ends  of  the  radiators,  and  the  frames  were  opened  top  and  bottom. 
The  frames  had  the  same  perpendicular  height  as  the  radiator,  and 
were  raised  sufficiently  (about  6  ins.)  to  permit  an  uninterrupted  flow 
of  ail"  to  the  radiator  underneath  the  lower  edge  of  the  frame.  This 
method  enclosed  each  radiator  in  a  cotton  box,  as  it  were,  and  inter- 
posed two  thicknesses  of  muslin  between  opjjosing  sides  of  I'adiators, 
so  as  to  cut  off  almost  entirely  the  effects  of  radiation  from  one  radiator 
to  another.  The  tables  on  which  the  radiators  were  set  had  an  inclina- 
tion of  about  1  in.  to  the  drip  end,  so  that  the  condensation  could 
easily  gravitate  to  the  apparatus  for  collecting  the  water. 

The  apparatus  for  collecting  and  measuring  the  water  consisted  of 
a  f-in.  "  tail  pipe,"  on  the  side  of  which  was  a  short  ordinary  water 
gauge  glass.  Both  above  and  below  the  water  glass  in  the  tail  pipe 
was  a  stop  valve;  the  uj^per  valve  being  for  the  iJurjDose  of  shutting 
off  the  connection  should  the  gauge  glass  break,  but  during  the  ex- 
periments it  was  always  open.  The  lower  valve  was  simply  a  tail  valve, 
to  control  the  escape  of  water.     The  tail  valve  was  supplied  with  1  ft. 
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of  verj  light  rubber  hose  (fin.)  which  terminated  in  a  jjaper  pail. 
The  -nater  was  drawn  into  the  paper  pail  through  the  tail  valve,  but 
was  always  kept  in  sight  in  the  glass  and  made  to  agree  with  a  thread 
around  the  middle  of  the  glass,  both  at  the  commencement  and  the  end 
of  all  trials. 

On  the  header  before  mentioned  was  arranged  a  steam-pressure 
gauge,  and  in  an  oil  well  in  the  iipper  side  of  the  same  header  was  fixed 
a  standard  thermometer  for  the  jjurpose  of  checking  errors  in  the 
steam-jDressure  gauge  by  comparisons  with  the  temperature  of  the 
steam.  It  will  be  noted  that  the  trials  were  generally  made  at  1,  5,  10, 
18  and  30  lbs.  pressures,  but  that  some  of  the  circles  indicating  trials 
are  on  other  lines,  notably  in  the  neighborhood  of  5  and  10  lbs. 
Where  the  greater  number  of  trials  are  shown,  these  differences  of 
pressure  are  the  results  of  corrections  made  by  the  thermometer,  the 
pressure  gauge  being  somewhat  inaccurate  and  the  pressures  likely  to 
fluctuate  Y  lb.,  or  thereabouts;  as  a  pressure-regulating  valvals  only  an 
approximate  instrument  for  work  of  this  kind.  At  the  lower  pressures 
(1  to  5  lbs. )  there  is  very  little  loss  due  to  the  evaporation  of  the  hot 
water  as  it  falls  into  the  pails,  especially  as  the  end  of  the  hose  is  kept 
under  water  as  much  as  possible.  At  the  higher  trials,  a  small  percentage 
of  the  hot  water,  when  relieved  of  its  jDressure,  is  converted  into  steam. 
This  is  obviated  in  a  great  measure,  however,  by  keeping  the  end  of  the 
hose  always  under  water,  which  can  be  done  as  soon  as  condensation 
forms  in  the  bottom  of  the  i^ail  and  covers  the  mouth  of  the  hose. 

It  is  well  to  remark  here  that  the  header  before  sjioken  of  and  in 
which  steam  at  reduced  pressures  was  admitted  to  the  radiators  was 
also  drained  and  kept  dry  by  an  automatic  steam  trap.  The  positions 
of  the  radiators  were  also  changed  from  time  to  time,  as  it  was  feared 
that  a  radiator  in  one  position  might  be  favored  over  the  others. 

At  the  left  of  the  diagram  is  shown  the  steam  pressure  in  pounds 
per  square  inch  at  which  various  trials  were  made. 

The  next  line,  A — A,  gives  the  value  in  British  heat-units  of  each 
pound  weight  of  steam  for  the  various  pressures,  and  is  measured 
from  the  left-hand  side  of  the  diagram,  each  of  the  larger  squares  hav- 
ing a  value  of  100  heat-units,  the  thermal  value  of  a  pound  weight  of 
steam  being  less  from  the  higher  pressures. 

The  curved  line  B — B  shows  the  results  obtained  in  the  radiator 
designated  as  No.  1,  and  they  were  made   under  conditions   of  very 
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nearly  equal  temperature,  in  a  room  kept  constantly  between  73  and  74^ 
Pahr. 

Line  C — G  shows  results  obtained  for  radiator  marked  No.  6  in  the 
trials,  which  were  made  at  the  same  pressures  and  the  same  tempera- 
tures as  the  foregoing. 

Line  D — D  gives  the  curve  of  condensation  in  the  radiator  marked 
No.  3  temperatures  and  pressures  of  steam  being  the  same  as  before. 

Line  E — E  shows  the  results  of  experiments  on  radiator  No.  4, 
which  at  the  lower  temperatures  seems  not  to  do  so  well.  Between  the 
10-lb.  and  18-lb.  lines,  however,  the  curve  agrees  with  the  remaining 
curves  of  condensation. 

Line  F — F  shows  the  other  experiments  made  T^ith  radiator  No.  3, 
when  the  temi^erature  of  the  room  averaged  between  77  and  78^.  This 
undoubtedly  accounts  for  the  liae  showing  the  less  condensation  on  that 
day.  The  circles  6,  1  and  3  on  the  5-lb.  line  are  also  results  of  the  tests 
made  when  the  temperature  of  the  room  was  about  78".  Other  circles  en- 
closing figures  in  close  proximity  to  lines,  with  corresi^onding  figures, 
show  values  obtained  with  the  same  radiator  during  other  trials  and 
Tinder  slightly  different  conditions  of  the  temperature  and  humidity. 
They  all  harmonize,  however,  with  the  curves  of  their  respective  radi- 
ators and  tend  to  confirm  the  results. 

Line  G — G  is  the  curve  of  difference  of  temperature  between  the 
steam  and  the  air,  and  is  drawn  for  comparison  with  the  curves  of  con- 
densation as  discovered  by  the  trials.  The  uniformity  that  exists  is 
remarkabte.  There  is  a  correction,  however,  to  be  made  for  the  higher 
temperatures  in  the  matter  of  the  curves  of  condensation.  As  the 
temperature  of  the  steam  advances,  the  value  of  1  lb.  of  condensation 
becomes  less,  as  showTi  in  the  line  A — A,  so  that  curves  of  efficiency  of 
condensation,  based  on  the  actual  amount  of  heat  lost  from  the  radiator, 
and  not  from  the  number  of  jjounds  of  water  condensed,  would  all  tend 
a  little  to  the  left  as  they  go  upward,  bending  away  from  the  curve  of 
difference  of  temperature.  It  is  well  known  that  the  condensation  does 
not  increase  directly  as  the  difference  of  temperature.  These  experi- 
ments, however,  show  that  it  (the  difference)  is  not  as  great  as  was  sur- 
mised, and  that  for  all  practical  purposes  the  curve  of  condensation 
and  the  curv'e  of  difference  of  temperature  is  practically  alike  for  any 
ranges  of  temperature  and  pressures  carried  in  low-pressure  steam  heat- 
ing apparatus. 
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NOTES  ON  WIRE  ROPE  TRAMWAYS. 


By  A.  C.  Savage,  M.  Am.  Soc.  C.  E. 
Kead  at  THE  Annual  Convention,  June,  1894. 


The  use  of  wire  ropes  for  transportation  in  rough  countiy  or  upon 
steep  inclines  is  by  no  means  a  novelty,  and  the  various  methods  in. 
use  are  familiar  to  most  of  us,  at  least  in  a  general  way. 

It  is  more  with  a  view  of  calling  attention  to  the  methods  adopted 
in  surmounting  obstacles  in  the  construction  and  operation  of  these 
lines  than  with  the  idea  of  imparting  any  very  novel  information  that 
these  notes  have  been  made. 

It  has  been  the  writer's  fortune  for  the  past  seven  years  to  be  con- 
nected in  a  greater  or  less  degree  with  wire  rope  tramway  building, 
and  for  the  past  three  years  he  has  been  engaged  in  active  construc- 
tion of  lines  in  the  United  States  and  Mexico  for  the  Trenton  Iron 
Company, 

It  is  well  known  that  two  systems  of  wire  rope  lines  are  in  general 
use,  the  single  and  double  rope  systems.  The  former  is  the  older  of 
the  two,  and  probably  the  better  known,  and  is  also  divided  into  two 
systems,  one  in  which  the  buckets  or  carriers  are  detached  from  the 
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rope  at  the  terminals,  and  the  other,  more  commonly  in  use,  where 
the  buckets  are  rigidly  fastened  to  and  are  carried  by  the  rope  around 
the  terminal  wheels,  being  loaded  and  unloaded  in  transit,  in  soine 
instances  by  hand,  in  others  by  automatic  devices,  which  are  more  or 
less  successful,  owing  to  the  character  of  the  material  to  be  conveyed. 

It  is  manifest  that  where  the  load  is  attached  directly  and  only  to 
the  hauling  rope  the  matter  of  divergence  from  a  regular  grade  line  is 
of  less  consequence  than  in  the  cases  where  the  strains  upon  two  sets 
of  ropes  are  considered,  and  hence  the  expenses  of  construction  are 
lessened.  In  cases,  therefore,  of  small  outputs,  these  single  rope  lines 
have  a  signal  advantage  in  first  cost.  When,  however,  the  production 
approaches  the  limit  of  their  capacity,  and  is  of  necessity  regular,  the 
great  wear,  frequent  repairs  and  constantly  recurring  stoppages 
render  them  objects  of  unceasing  solicitude  to  all  parties  concerned, 
and  it  has  been  too  frequently  the  case  that  buyer  and  seller  seem  to 
have  entered  into  a  combination  to  do  each  other  and  themselves  all 
the  injury  i)ossible  by  fixing  on  a  plant  which  was  inadequate  to  the 
needs  of  the  user,  and,  by  its  failure,  an  injury  to  the  reputation  of  a 
really  good  machine  when  properly  used. 

The  double  rope  lines  have  these  advantages,  that  -with  proper 
designing  and  construction  the  limit  to  their  capacity  is  far  in  advance 
of  the  possibilities  of  single  rope  lines;  that  the  wear  on  theii*  com- 
ponent parts  by  skillful  adjustment  may  be  reduced  to  a  minimiim, 
and  the  cost  of  rej)airs  made  very  small;  and  that  under  competent 
management  the  most  excellent  results  as  to  regularity  of  operation 
may  be  attained. 

The  designing  of  one  of  these  lines  is  seldom  a  simjjle  and  easy 
piece  of  work.  The  instances  where  the  "standard  terminals  "  can 
be  employed,  and  the  intermediate  supports  put  in  at  the  ideal 
distances  of  from  150  to  200  ft.  apart,  are  few  and  far  between. 

In  most  instances  the  line  must  be  accommodated  to  peculiarities 
of  the  case,  which,  while  not  insurmountable,  are,  nevertheless,  fre- 
quently perplexing. 

The  forms  these  difficulties  assume  are  generally — 

First. — A  cramped  location  for  one  or  both  terminals. 

Second. — Heavy  grades  into  or  out  of  the  terminals. 

Third. — Intervening  summits  on  the  line. 

Fourth. — Intervening  hollows  or  chasms  of  great  width. 
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The  lii'st  trouble  of  cramped  location  is  perhaps  the  ever-present 
one,  especially  at  the  upper  terminal  in  mine  tramways. 

The  steep  side  hills  most  suitable  for  terminals,  and  offering  the 
greatest  facilities  for  waste  dumps,  offer  but  little  foothold  for  the 
necessary  floor  space  for  a  tramway  terminal.  For  width  with  the 
standard  8-ft.  line  20  ft.  will  do,  though  24  ft.  is  better,  but  for  length 
60  ft.  is  none  too  much.  Room  should  be  left  behind  the  machinery 
for  switches,  on  which  empty  cars  may  stand  when  not  in  use. 

But  it  is  when  this  is  combined  with  the  second  case,  that  of  heavy 
grades  at  the  upi^er  terminal,  that  its  worst  features  are  manifest. 
An  example  of  this  is  the  ui^ijer  terminal  of  the  "  Ground  Hog  *'  lines, 
situated  on  the  rim  of  Silver  Bow  Basin,  near  Juneau,  Alaska,  and 
recently  comjDleted  under  the  supervision  of  the  writer.  The  only 
available  spot  on  the  whole  mountain  side  was  selected. 

The  outgoing  grade  is  60%,  and  it  was  impracticable  to  support 
the  line  at  the  immediate  foot  of  the  bluff",  as  the  support  must  have 
stood  directly  in  the  track  of  a  very  heavy  annual  snow  slide.  The 
vertical  curve  of  the  trestle  in  front  of  the  terminal  has  a  radius  of 
200  ft. ,  and  over  this  the  rope  is  carried  in  saddles  on  cross-ties  2  ft. 
apart. 

The  difficulties  with  this  arrangement  are  twofold.  First,  the 
great  strain  on  the  traction  rope  and  bucket  frames  arising  from  the 
transition  from  the  level  grade  at  the  attaching  point  to  the  60/o  grade 
at  the  end  of  the  trestle.  An  inclined  terminal  would  obviate  this, 
and  a  good  deal  of  study  has  been  given  to  this  point  and  many  ex- 
pensive experiments  made  by  the  engineers  of  the  Trenton  Iron  Com- 
pany without  achieving  satisfactory  results,  the  trouble  lying  in  the 
difficulty  of  attaching  the  loaded  bucket  to  the  traction  rope  on  the 
incline   in  safety. 

In  the  second  place,  the  sudden  deflection  of  the  traction  rope  from 
the  guide  wheel  to  the  first  carrying  roller  is  such  that  attaching  can 
only  be  done  at  one  point,  it  being  impossible  to  force  the  bucket  by 
hand  in  advance  of  the  lug  when  once  the  traction  rope  has  entered 
the  grip.  This  would  also  be  avoided  in  the  inclined  terminal,  but,  in 
default  of  that,  a  swinging  guide  wheel  has  been  attached  ahead  of  the 
attaching  point,  making  the  traction  rope  nearly  level  for  a  distance 
of  about  6  ft. ,  which  will  allow  the  attachment  to  be  made  with  ease. 

This  swinging  guide  supports  the  rope  about  1  in.  lower  than  does 
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tlie  wheel  on  the  bucket  below  the  grip,  and,  as  the  bucket  passes, 
it  is  pushed  to  one  side,  returning  to  its  position  as  soon  as  the  load 
has  passed. 

In  this  connection  it  may  be  pertinent  to  speak  of  the  means 
adopted  to  get  the  material  to  the  site  of  the  terminal.  The  whole 
face  of  the  mountain  was  covered  with  loose  slate  and  shale,  making 
anything  resembling  a  road  impossible  without  great  expense;  and 
at  the  foot  of  the  slope  was  a  chasm,  through  which  a  mountain 
torrent  flowed.  A  little  8-H.P.  hoisting  engine  was  carried  to  the  top, 
and  then  pulled  wp  the  cables. 

Stretching  these  over  low  temporary  supports,  a  tramway  was 
improvised  over  which  our  terminal  machinery,  timber,  buckets,  etc., 
were  all  carried  to  the  site,  the  engine  being  worked  by  compressed  air 
from  a  neighboring  mine.  The  permanent  supports  were  then 
erected,  and  the  cables  transferred  to  their  proper  positions.  The 
difficulties  of  this  line  in  a  climate  where  the  snow  had  not  entirely 
disappeared  from  the  side  hills  in  July,  and  where  the  rain  was 
almost  incessant  during  the  entire  season,  are  easier  imagined  than 
described. 

Intervening  Suminils. — These  are  a  fertile  source  of  trouble,  par- 
ticularly in  heavily  loaded  lines,  owing  to  the  severe  strains  put  upon 
the  bucket  frames  by  the  weight  of  the  traction  rope  and  its  load. 

It  is  evident  that  as  each  bucket  surmounts  one  of  these  summits, 
it  necessarily  has  to  sustain  temiJorarily  the  entire  weight  due  to  the 
loads  on  either  side  of  it  to  the  foot  of  the  gi-ade.  This  is  to  a  limited 
extent  remedied  by  frequent  supports  so  placed  as  to  form  an  easy 
vertical  curve,  that  the  rollers  may  catch  the  weight  of  the  roj)e  as 
quickly  as  possible.  Heavy  wear  is  also  induced  in  the  stationary 
cables  at  these  points,  and  it  frequently  becomes  necessary  to  con- 
struct a  continuous  trestle  over  the  summit,  and  substitute  a  solid  rail 
for  the  standing  rope,  on  which  the  carriages  may  travel.  Examjiles 
of  these  summit  curves  are  the  Guanecori  Tramway,  Durango,  Mexico, 
and  the  Benners  Bay  Tramway,  near  Seward  City,  Alaska.  Two 
especial  examples  are  those  of  the  "Bunker  Hill  and  Sullivan" 
line,  at  Wardner,  Idaho.  They  are  both  trestled  and  furnished  with 
rails,  and  are  snow-shedded  for  winter  in-otection.  The  profile 
{Plate  V)  shows  the  construction. 

They  were  originally  built  with  the   rails  supported  on  the   iron 
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hangers,  secured  to  6  x  8-in.  hanger  timbers  in  the  way  ordinarily  em- 
ployed in  terminals.  It  was  found,  however,  that  these  timbers  gave 
down  under  the  load,  and  they  were  re-enforced  by  8  x  10-in.  timbers 
placed  above  them,  to  which  the  original  timbers  were  connected  by 
yokes  of  2  x  J-in.  iron. 

Intei'vening  HoUoios. — These,  when  of  considerable  width,  fre- 
quently become  another  annoying  feature  in  tramway  building. 

The  ropes  should  be  supported  at  either  end,  in  such  a  way  that  no 
sharp  angles  will  occur  ;  and,  generally  speaking,  it  is  better  that  in 
really  long  spars  the  standing  ropes  should  be,  as  nearly  as  possible, 
independent  of  the  rest  of  the  line.  This  is  especially  the  case  when 
the  two  extremities  of  the  span  are  approximately  on  a  level.  In  such 
a  case  a  tension  station  should  be  put  in  at  the  lower,  and  an  anchorage 
at  or  not  far  from  the  upper,  end  ;  and  the  size  of  the  ropes  should 
be  greater  and  the  tensions  higher  than  for  the  supported  portions  of 
the  line. 

The  writer  has  found,  in  his  own  practice,  that,  where  the  conforma- 
tion of  the  ground  will  permit,  long  spans,  properly  adjusted,  are  a 
positive  advantage  to  a  tramway  line. 

The  reasons  for  this  may  be  summarized  as  follows  : 

First,  and  manifesUy. — A  more  regular  grade  line  is  attainable 
than  where  the  line  is  broken  to  suit  the  conformation  of  the  ground. 

Second. — The  points  of  danger  of  wreckage  on  these  lines  occur  at 
the  supports,  and  are  due  to  supports  out  of  line  or  misplaced  sad- 
dles, against  which  the  passing  carriages  may  strike.  The  writer  has 
never  known  of  an  accident  occurring  on  a  clear  span,  except  through 
failure  of  the  grij),  Avith  which  the  span  has  nothing  to  do. 

Third. — The  wearing  points  on  the  carrying  cables  are,  of  course, 
only  at  the  supports.  A  reduction  in  the  number  of  these  points  is, 
therefore,  manifestly  a  benefit  to  the  line. 

Fourth. — The  reduction  of  the  number  of  supports  to  be  inspected 
and  kept  in  repair  is  a  reduction  in  expense  of  maintenance,  and  there- 
fore desirable. 

In  designing  these  long  spans,  it  becomes  necessary  to  alter  the 
form  of  support  at  their  termini  in  many  cases,  to  avoid  undue 
wear  upon  the  stationary  cables  at  these  points.  The  writer  has  ob- 
tained very  good  results  during  the  past  season  by  attaching  two  caps 
instead  of  one  to  the  top  of  the  towers,  and  so  setting  the  saddles  as  to 
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present  a  supporting  arc  of  some  40  ins.  in  length.  In  case  of  very 
long  spans  this  could  be  still  further  increased  in  length  by  the  addi- 
tion of  still  another  cai);  but  it  has  been  found  that  the  40-in.  arc,  with 
a  radius  of  5  ft. ,  is  ample  for  spans  of  1  500  ft.  in  length. 

In  the  case  of  the  Bunker  Hill  and  Sullivan  line,  which  for  a  time 
seemed  to  defy  any  efforts  to  make  it  -work  smoothly,  the  trouble  dis- 
appeared when  the  changes  were  made  which  are  indicated  on  the 
profile.  In  this  case  the  line  had  been  held  down  where  it  crossed 
Mile  Gulch,  and  the  traction  rope  cut  at  the  lowest  point,  making- 
practically  two  lines  of  it. 

In  remodeling  it,  this  intermediate  station  was  taken  out  and  a. 
span  of  1  180  ft.  carried  entirely  over  the  gulch.  The  traction  rope 
was  made  continuous,  and  the  good  effects  were  at  once  apparent. 

The  benefit  derived  from  the  long  span  may  be  inferred  from  the 
fact  that  on  the  occasion  of  the  breaking  of  the  main  driving  shaft  at 
the  upper  end,  and  the  consequent  running  away  of  the  line,  not  a 
single  bucket  was  dropped  from  the  long  span. 

This  line  is  furthermore  a  good  examj^le  of  the  capabilities  of  these 
lines.  Although  by  no  means  one  of  the  heaviest  in  equipment,  having 
only  5  cu.  ft.  buckets  as  carriers,  it  has  for  a  year  and  a  half  carried 
easily  its  50  tons  jier  hour  and  made  an  average  record  for  months  of 
■450  tons  per  10  hours'  work,  at  a  cost  of  about  16  cents  per  ton,  which, 
taken  in  connection  with  the  high  rate  of  wages  paid  in  that  camp,  is 
certainly  very  cheap  work.  This  takes  into  account  only  the  ore 
delivered,  and  does  not  include  the  return  transportation  of  supplies, 
timber,  etc.,  which  has  frequently  run  up  to  30  or  40  tons  in  a  day. 

These  few  notes  are  submitted  in  the  belief  that  a  more  general 
understanding  of  the  requirements  and  capabilities  of  these  lines  may 
lead  to  further  improvements  in  their  design.  While  in  no  sense  com- 
petitors with  surface  transjjortation  for  general  freight,  they  might 
easily  be  made  valuable  adjuncts  for  special  products,  and  in  cases, 
where  the  nature  of  the  counti'v  is  unfavorable  to  surface  lines. 
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STEAM    AND    ELECTRIC    CABLEWAYS   FOR 
LOGGING  AND  CANAL-BOAT  TOWING. 


By  KicHAKD  Lamb,  Assoc.   M.  Am.  Soc.  C.  E. 
Bead  at  the  ANNUAii  Convention,  June,  1894. 


WITH  DISCUSSION. 

The  antiquity  of  the  carry-log  that  most  of  our  lumber-men  are 
using  to-day  is  untloubtecl.  The  writer  has,  at  least,  seen  exceedingly 
old  illustrations  showing  big  two- wheel  carry-logs  drawn  by  oxen, 
which  would  serve  to  show  how  logs  are  hauled  at  the  present  time. 

It  is  true  that  during  the  last  50  years  or  so  narrow-gauge  light 
rail  steam  railroads  have  been  very  generally  used  in  logging,  but  these 
have  been  for  main  lines  to  take  the  place  of  rivers,  and  they  do  not  dis- 
place altogether  the  old  style  carry-logs,  for  they  are  still  used  to  bring 
the  logs  to  the  railroads. 

Of  course,  in  countries  where  snow  is  of  sufficient  duration  to  admit 
of  sledding,  the  carry-log  is  disiDlaced.  As  much  as  36  000  ft.  of  white 
pine  has  been  hauled  at  one  time  on  a  eled  by  one  pair  of  horses.  It 
is,  therefore,  evident  that  sleds  are  cheaper  than  wagons  for  logging. 
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The  principal  question  that  the  logging  engineer  has  to  consider  is, 
ho-w  to  cut  the  trees  and  get  them  to  convenient  points  for  transpor- 
tation at  the  least  expense.  On  firm  land,  the  methods  employed  are 
carry -logs  with  oxen  or  horses,  damming  the  small  streams  and  driv- 
ing the  logs  during  freshets,  and  in  northern  countries  sledding. 
Water  flumes,  made  of  wood,  are  used  to  advantage  in  the  West. 

The  Butters  system  of  one-span  steam  cableway  is  also  used,  but 
only  for  a  maximum  distance  of  700  ft.  Cableways  have  been  tried 
with  horses  for  the  motive  j^ower.  The  fact  that  the  contour  of  the 
ground  needs  to  be  practically  level  has  caused  all  such  horse  cable- 
ways  to  be  abandoned.  The  mechanical  principle  which  operates 
against  cableways  where  the  logs  are  hauled  by  horses  is  that  the 
direction  of  the  force  should  be  practically  in  the  line  of  what  we  might 
call  the  axis  of  the  horse  passing  through  the  hips. 

When  the  land  slopes,  making  considerable  of  an  angle  with  the 
direction  of  the  cable,  a  resultant  force  is  created  which  equals  the 
weight  of  the  horse  and  he  ceases  to  be  able  to  pull  the  log.  Any  sys- 
tem of  steam  or  electric  cableways  should  be  designed  with  reference 
to  overcoming  this  difficulty,  by  making  the  line  of  the  pulling  cable 
always  parallel  with  the  bearing  or  main  cable. 

Necessity  has  caused  a  great  number  of  experiments  to  be  made  in 
logging  in  wet  or  swampy  ground.  The  Butters  system  is  used  to 
advantage  in  swamps,  where  the  haul  is  short,  and  is  largely  used 
throughout  the  South. 

Mr.  Spencer  Miller  described  this  system  in  a  paj^er  before  the 
Society,  which  was  recently  published.  That  gentleman  made  a 
number  of  improvements  upon  this  system. 

Mr.  Dickinson,  of  the  Trenton  Iron  Company,  has  invented  and 
jjatented  an  ingenious  system  of  cableway  for  logging  in  swamps,  and 
the  plant  is  an  improvement  over  the  Butters  system  in  that  it  is 
designed  to  go  further  into  the  swamps.  It  is  put  up  like  trolley 
wires,  the  trees  being  used  for  the  upright  supports,  which  in  the 
trolley  system  are  on  either  side  of  the  street.  A  movable  block  is 
l^laced  upon  the  supporting  cables,  and  upon  these  blocks  the  main 
cable  is  hung.     This  has  not  been  put  into  practical  use  however. 

The  difficulty  with  this  system  is  the  necessity  of  finding  the  trees 
in  just  the  positions  needed,  and  the  fact  that  the  hauling  cable  has 
no  support,  but  drags  ui^on  the  gi-ound. 
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Wliat  is  known  among  lumber-men  as  a  "  pull  boat  "  is  quite 
•generally  used  in  the  cyjDress  swamps  of  the  South.  It  is  designed 
on  the  principle  of  "  main  strength  and  awkwardness."  A  steel  cable 
-is  carried  into  the  swamps  and  passed  around  a  large  sheave,  and  a  ^- 
-in.  cable  is  attached  to  the  end  of  a  larger  cable.  A  large  double 
drum  engine  is  used.  By  winding  in  the  ^-in.  cable,  the  larger  cable  is 
pulled  out  into  the  swamp,  and  by  attaching  the  logs  to  the  larger 
cable  and  winding  it  on  the  drum  the  logs  are  hauled  in. 

This  system  is  limited  to  the  length  of  rope  that  can  be  conveniently 
wound  on  the  drum. 

The  problem  that  confronted  the  writer  was  to  design  a  cableway 
that  could  be  operated  at  least  ^  mile,  with  the  power  placed  upon 
a  boat  or  car  located  at  a  navigable  point.  It  should  gather  in  the 
logs  for  at  least  500  ft.  on  either  side  of  the  cableway  proper,  and  by 
its  means  bring  the  logs  to  navigation  at  a  reasonable  cost  for  opera- 
tion. It  was  necessary  that  such  a  system  should  be  easily  and  cheaply 
moved  from  place  to  i^lace  as  the  total  area  of  forest  to  be  cleared  at 
any  one  setting  would  not  require  much  time.  Trees  had  to  be  used 
as  supports  as  they  are  the  only  practicable  foundation  to  be  found  in 
a  swamp.  It  was  evident  that  any  steam  system  would  have  to  be 
worked  in  practically  a  straight  line. 

To  attempt  to  find  trees  in  a  straight  line  would  be  difficult  if  the 
distance  apart  was  not  great,  but  after  running  a  number  of  lines,  it 
was  found  that  in  a  forest  of  ordinary  density  a  practically  straight 
Jine  could  be  gotten  with  trees  at  from  100  to  225  ft.  apart. 

The  writer's  system  was  designed  for  long  spans  in  consequence. 

The  accompanying  drawing  (page  47)  shows  the  T  iron  brackets  that 
were  used  for  jjassing  by  the  trees,  and  for  supporting  the  cable.  The 
end  of  theT  ii'on  bar  straddles  an  1^  x  j-in.  iron  pin  driven  into  the  tree 
at  a  height  of  about  13  ft.  from  the  ground.  The  dogs  on  the  ends  of 
the  arms  attached  to  the  X  "'OJi  ^^^'  ^^^  driven  into  the  tree  on  either 
side,  and  a  chain  wrapped  around  the  arms  and  held  from  slipping  by 
upset  knobs  keeps  the  arms  from  spreading.  This  chain  also  serves 
to  hold  an  iron  snatch-block. 

A  swinging  sheave  is  hung  from  the  end  of  the  T  iron  bar  on  which 
is  an  iron  band  curved  rearwardly  and  downwardly,  which  acts  as  a 
fender  and  also  replaces  the  hauling  cable,  should  it  become  disen- 
gaged from  the  hanging  sheave.     The  steel  saddle  at  the  end  of  the 
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T  bar  is  ijrovided  with  boiler  steel  JJ  plate.  Two  wedges  pass  througli 
the  U  i^late  and  saddle  in  o^jposite  directions  to  each  other.  By  means 
of  these  wedges  the  U  plate  clamps  the  main  cable  rigidly  to  the 
saddle. 

On  the  head  tree  two  sheaves  are  placed,  one  on  either  side,  and  on 
the  tail  tree  a  2-ft.  steel  sheave  is  chained. 

The  endless  i-in.  jiulling  cable,  made  of  19  strands  of  steel  wire,  is 
passed  through  the  sheaves  on  the  head  tree  and  on  the  brackets  and 
around  the  large  sheaves  on  the  tail  tree.  Two  turns  are  made  around 
a  2-ft.  elliptical  grooved  sheave,  run  by  a  25-H.  P.  engine  for  ^-mile 
line.     The  engine  is  made  reversible. 

After  the  i-in.  cable  is  out,  the  main  cable  is  hauled  into  the  swamp 
by  steam-power  by  means  of  the  hauling  cable. 

The  main  cable  is  1  in.  in  diameter  and  is  of  jiatent  interlocked 
steel,  which  gives  a  better  wearing  surface.  This  cable  cannot  be 
made  in  longer  lengths  than  450  ft.,  but  these  are  easily  joined  together 
by  a  patent  coupling,  over  which  the  car  passes  readily. 

The  450-ft.  sections  are  hauled  out  before  coupling  them  together. 
Any  distance  of  cable  can  therefore  be  very  easily  pulled  out  into  the 
swamp. 

A  false  saddle  is  used  in  putting  the  cable  on  the  brackets,  and 
has  vertical  flanges,  to  keep  the  cable  in  place;  and  rollers  are  on  either 
end,  to  reduce  friction  when  hauling  the  cable  taut.  After  the  cable 
is  clamped  to  the  saddle,  the  false  saddle  is  removed. 

The  cars  are  made  with  a  hanging  frame  supported  by  a  horizontal 
axle  passing  between  the  wheels  upon  which  it  swings.  By  this 
arrangement  the  hanging  frame  can  remain  vertical  even  when  the 
car  is  climbing  the  steep  grade  of  the  catenary  on  approaching  the 
saddle  and  when  passing  over  it. 

The  hauling  cable  is  attached  rigidly  to  the  frame  of  the  car  at  a 
point  located  so  as  to  clear  the  swinging  sheave.  It  will  be  noticed 
that  the  hauling  cable  is  practically  parallel  with  the  bearing  cable  at 
all  parts  on  the  line. 

A  Detroit  grijj  block  is  attached  to  the  end  of  the  swinging  frame,  to 
which  is  hung  a  pair  of  logging  tongs.  By  securing  the  bight  of  the 
rope  of  the  grip  block  about  a  tree  or  stump  and  piilling  in  on  the 
car  by  means  of  the  hauling  cable,  the  two  blocks  are  made  to  meet 
and  thus  haul  up  the  log.     The  grip  keeps  the  blocks  from  parting 
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until  it  is  desired  to  drop  the  log,  -when  by  pulling  a  string  on  the 
grip  the  log  drops.  This  does  away  with  the  difficulty  heretofore 
experienced  of  the  necessity  for  a  separate  cable  and  a  separate  drum 
on  the  engine  to  haul  the  log  up  to  the  car. 

In  order  to  haul  the  logs  from  either  side  up  to  the  cable,  trees  are 
chosen  within  about  15  ft.  from  the  cable,  or  the  tail  or  bracket  trees 
are  used,  up  to  which  to  pull  the  logs.  A  10-in.  sheave  is  chained  as 
high  up  the  selected  tree  as  may  insure  sufficient  stiffness.  Another 
10-in.  sheave  is  chained  to  the  tree  a  little  below  the  level  of  the  cable 
and  a  third  10  in.  sheave  is  fastened  in  a  horizontal  position  to  the 
cable  at  the  end  of  the  bracket,  or  at  the  end  of  a  temporary  strut 
placed  between  the  tree  and  the  cable. 

A  |-in.  cable  is  attached  to  the  car  and  the  loose  end  passed  through 
the  horizontal  sheave  ;  thence  through  the  lower  sheave  on  the  tree ; 
thence  up  the  tree,  and  through  the  upper  sheave. 

A  pair  of  double  tongs  made  to  operate  in  lines  at  right  angles  to 
each  other  are  attached  to  the  end  of  the  cable  and  carried  into  the 
woods.  The  tongs  are  clamped  to  the  end  of  a  log  and  act  as  a 
fender  or  guide,  to  prevent  it  from  bringing  up  against  stumps  or  other 
obstructions  when  being  hauled  into  the  cable.  By  hauling  in  the 
car,  which  is  attached  to  the  end  of  the  skidding  rope,  heavy  logs  are 
easily  dragged  to  the  cable.  When  the  road  under  the  cable  is  very 
rough,  the  logs  to  be  hauled  by  the  main  cable  are  swung  from  their 
centers  and  joined  together  with  dogs  and  chain,  to  keep  them  in  line  ; 
but  in  general  it  is  found  that  simply  attaching  tongs  to  the  ends  of 
the  logs  and  raising  them  from  the  ground  and  letting  the  other  ends 
drag  answers  all  purposes. 

Not  counting  the  tree  cutters,  an  engineer  and  fireman  (who  also 
cuts  wood  for  fuel  when  not  firing)  two  tongmen,  one  loader  and  one 
unloader,  in  all,  six  men,  constitute  the  crew.  On  dry  land  40  000  ft. 
per  day  can  be  hauled  ;  in  the  swamps,  25  000  ft.  per  day  can  be  gotten 
out.  The  saving  in  cost  of  hauling  over  any  other  method  of  logging 
is  obvious,  but  this  system  also  saves  money  in  that  it  gets  out  timber 
that  heretofore  has  not  been  accessible. 

For  persons  operating  a  logging  railroad  or  on  a  river  where  from 
J  to  1  mile  of  cableway  is  sufficient,  the  above-described  steam  logging 
system  is  sufficient. 

It  became  necessary,  however,  to  design  a  system  that  practically 
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would  not  be  limited  as  to  the  distance  it  could  be  operated.  To  this 
end  an  electric  cableway  was  built.  Investigations  showed  that  other 
systems  of  teljjherage  had  been  tried,  but  few  had  been  put  into  prac- 
tical use,  owing  largely  to  the  expense  of  having  to  make  the  supports 
close  together,  so  that  the  cable  might  be  perfectly  taut,  as  the  limited 
friction  area  of  the  wheels  on  the  cable,  and  the  inclination  of  the 
catenary  near  the  supports,  made  it  impossible  for  the  car  to  climb 
the  incline.  The  power  being  applied  to  the  wheels,  and  depending 
upon  traction,  they  would  slip  down  the  grade  while  they  were 
revolving  to  make  them  climb  up.  Again,  there  could  be  no  brake  to 
keep  the  car  from  slipping  too  fast  after  passing  over  the  saddle.  As 
economy  and  ease  in  moving  depended  upon  being  able  to  use  a  few 
supports,  or,  in  other  words,  long  spans  in  the  forest,  it  was  evident 
that  no  system  of  traction  was  available.  The  direction  of  the  force 
should  be  parallel  to  the  bearing  cable.  This  suggested  the  use  of  a 
i-in.  cable,  made  fast  at  both  ends,  to  be  suijported  at  the  tree  Vjrackets 
by  a  narrow  saddle,  so  designed  as  to  enable  the  cable  to  change  its 
course  and  not  to  become  disengaged  when  the  car  passed  over  it. 

The  motor  is  made  with  the  car  like  the  steam  cableway  before 
described,  with  a  hanging  frame  having  attached  to  it  an  elliptically 
grooved  sheave  which  is  revolved  by  means  of  a  newly  patented  worm 
or  wedge-gearing,  driven  by  a  5-kilowatts  electric  motor  with  vertical 
shaft,  all  attached  to  the  swinging  frame  of  the  car.  By  taking  a 
couple  of  turns  of  the  J -in.  cable  around  the  elliptical  grooved  sheave, 
when  the  electric  motor  revolves  the  geaiing,  the  sheave  winds  up, 
and  at  the  same  time  plays  out  on  the  i-in.  cable,  thus  pulling  along 
the  car. 

When  it  reaches  the  bracket,  the  small  cable  is  lifted  from  the 
saddle  momentarily,  and  the  car  can  take  a  new  course.  Hence  we 
are  not  limited  to  operating  in  a  straight  line.  The  main  cable  is  used 
as  the  electrical  conductor.  It  is  insulated  at  the  brackets  by  insulat- 
ing material  i>laced  between  the  saddle  and  the  f  iron  Ijar,  and  the 
current  is  jjrevented  from  passing  down  the  frame  of  the  motor  by 
insulation  at  the  point  on  the  frame  where  the  axle-box  joins  the  frame 
proper.  The  j)oints  of  insulation  are  provided  in  their  construction 
with  hoods  to  shed  water. 

The  worm  or  wedge  gear  deserves  especial  mention.  It  was  in- 
vented in  1891  by  a  Mr.  Welsh,  of  the  Glen  Cove  Machine  Company. 
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It  differs  from  an  ordinary  -vrorm  gear  in  tliat  it  has  more  than  twenty 
times  the  bearing  surface  of  an  ordinary  worm  and  wheel,  moves  two 
teeth  of  the  gear  wheel  at  each  revolution  of  the  worm,  and  works  on  the 
princijjle  of  a  wedge  rather  than  an  incline  plane.  The  worm  gear, 
especially  made  for  this  electric  motor,  is  designed  to  work  both 
ways,  and  has  ball-beaiings  at  either  end  of  the  worm,  to  lessen  the 
friction  and  thrust.  The  gear  wheel,  worm  and  ball-bearings  are 
encased  in  a  jacket  filled  "with  oil.  Thus  the  minimum  loss  in  power  is 
effected  between  the  electric  motor  and  the  ellijitical  grooved  wheel. 
The  gearing  was  necessary  in  order  to  lessen  the  sjieed,  as  the 
electric  motor  is  run  at  1  340  revolutions  per  minute,  giving  a  speed 
to  the  motor  proper,  with  the  gearing,  of  6  miles  per  hour,  which  is 
the  desirable  speed  for  logging  purposes.  The  current  is  taken  from 
the  main  cable  through  the  wheels,  thence  through  the  axle  to  the 
axle-box  of  the  hanging  frame.  Here  an  insulated  copper  ^ire  con- 
nects it  with  the  rheostat.  The  return  current  is  passed  through 
the  axle  of  the  elliptical  grooved  wheel;  thence  on  to  the  J -in.  wire  to 
the  brackets;  thence  to  the  ground. 

The  rheostat  is  made  to  carry  the  current  through  it,  as  well  as  to 
regulate  the  speed  and  reverse  the  current. 

In  the  system  now  built  220  volts  are  used.  The  trial  was  made  at 
the  works  of  the  Trenton  Iron  Company,  Trenton,  N.  J.,  along  the 
banks  of  the  Delaware  and  Earatan  Canal.  It  was  found  that  heavy 
logs  could  be  pulled  from  a  distance  up  to  the  cable  by  the  same 
method  as  employed  in  the  steam  system,  and  that  logs  could  be 
carried  in  the  same  manner  as  stated  in  the  description  of  the  steam 
rig. 

When  two  motors  are  used,  the  empty  cars  are  switched  off  the 
cable,  and  motors  are  exchanged,  the  motor  which  hauled  the  empties 
taking  back  the  loaded  ones,  and  vice  versa.  This  system  of  electrical 
cable-way  can  be  used  for  an  endless  variety  of  i^urposes. 

A  valuable  service  for  this  new  motive  power  was  tested,  viz., 
towing  canal  boats.  It  will  be  obvious  that  a  cable  can  be  located 
on  a  towpath,  and  at  either  end  of  the  canal  can  be  built  sheds  in 
which  there  would  be  a  large  number  of  motors  ready  to  go  out.  On 
application  of  a  canal  boat  captain,  a  motor  will  be  allotted  to  him, 
and  he  will  proceed,  towed  with  a  tow-line  having  insulated  wires  in 
the  center  of  same.     The  rheostat  will  be  located  on  the  canal-boat. 
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The  wires  in  the  hawser  can  be  easily  attached  to  or  detached  from  the 
rheostat.  When  a  boat  meets  another,  they  change  hawsers  and  con- 
sequently motors,  and  proceed.  Two  lines  of  bearing  cable  would  do 
away  with  this  trouble. 

The  cheapness  with  which  this  system  can  be  biiilt  and  operated 
would  insure  the  saving  of  thousands  of  dollars  in  the  operation  of 
such  a  canal  as  the  Erie,  especially  as  that  canal  has  at  its  disposal  the 
almost  limitless  electrical  resources  of  the  great  Niagara  cataract. 


DISCUSSION. 


Spencer  MiiiLEB,  Assoc.  Am.  Soc.  C.  E.  (by  letter). — The  "pull- 
boat  "  system  referred  to  by  Mr.  Lamb  is  known  as  the  Baptist  plan. 
The  hauling  power  is  an  engine  made  after  the  manner  of  the  cable 
railway  engine,  and  is  located  on  a  boat,  which  may  be  floated  in  the 
bayous  or  canals.  The  hauling  cable  reaches  into  the  woods  3  000  ft., 
passing  round  a  sheave  wheel  as  the  far  end,  known  as  the  tail  tree. 

An  important  element  of  the  Baptist  system  for  handling  logs  is 
the  use  of  a  hollow  cone,  made  of  steel,  whose  base  is  about  equal  to 
the  diameter  of  the  log  being  hauled.  Through  the  apex  of  this 
cone  a  chain  is  passed  with  tongs  or  dogs  on  the  end,  which  are  secured 
to  the  log.  This  chain  is  made  fast  to  a  clamp  on  the  endless  rope,  and 
they  are  thereby  drawn  in  over  the  surface  of  the  ground  at  a  rate  of 
speed  of  about  500  ft.  per  minute.     Whole  trees  are  pulled  in  this  way. 

The  chief  value  of  such  a  device  lies  in  the  fact  that  there  are  the 
smallest  number  of  parts  to  get  out  of  order  and  need  attention.  The 
cone  serves  to  clear  the  log  over  any  obstacles,  such  as  stumps, 
etc.  It  requires,  of  course,  a  large  amount  of  power,  which  means  a 
large  engine  has  to  be  purchased,  but  inasmuch  as  the  waste  wood  is 
burned,  the  cost  of  fuel  is  a  trifling  matter. 

The  Baptist  plan  suits  some  conditions  better  than  the  Butters, 
and  it  is  reasonable  to  suppose  that  Mr.  Lamb's  system,  which  extends 
still  further,  will  have  its  place. 

My  observation  leads  me  to  expect  that  a  great  many  locations  will 
be  better  served  with  that  machine  than  with  anything  else.  How- 
ever, I  would  like  to  hear  from  Mr.  Lamb  a  year  from  now,  after  he 
has  had  the  machine  in  use  for  that  length  of  time,  imder  the  conditions 
which  he  will  find  in  the  woods.  I  have  not  had  the  pleasure  of  see- 
ing this  machine  as  yet. 
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BRAFFORD'S  RIDGE  TUNNEL. 


By  Chakles  W.  Staxiford,  M.  Am.  Soc.  C.  E. 
Read  at  the  Ajs'NiJAii  Convention,  June,  1894. 


WITH  DISCUSSION. 


This  tunnel  is  located  nine  miles  from  Corbin,  Ky. ,  on  the  Cumber- 
land Valley  Branch,  Louisville  and  Nashville  Railroad,  the  first  32-mile 
division  of  -n-hich,  from  Corbin  to  Pineville,  Ky.,  was  built  in  1887-88, 
under  the  supervision  of  the  writer  as  Division  Engineer,  assisted  by 
Mr.  M.  E.  S.  Posey,  Resident  Engineer  of  the  2d  Residency  (including 
tunnel),  and  under  the  general  direction  of  R.  L.  Cobb,  M.  Am.  Soc. 
C.  E.,  as  Chief  Engineer  of  Construction,  Louisville  and  Nashville 
System. 

The  line  for  the  whole  length  of  the  division  follows  very  closely 
what  is  known  as  the  old  "  "Wilderness  Road,"  celebrated  as  the  trail 
taken  by  Daniel  Boone  on  his  first  entry  into  Kentucky,  at  Cumberland 
Gap  nearby,  and  also  as  the  marching  and  camjj  ground  of  both  armies 
during  the  Civil  War.  In  many  places  this  road  had  to  be  changed  and 
relaid  higher  on  the  hOls,  away  from  the  Cumberland  River,  in  order 
to  give  a  footing  for  the  railroad,  where  it  is  hevra.  out  of  the  river  cliffs. 

The  Gap  at  Brafford's  Ritlge,  both  from  a  geologic  and  topographic 
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standpoint,  was  unfavorable  for  the  construction  of  a  tunnel.  The  roct 
encountered  at  the  portals  was  a  brittle,  heavily  laminated  shale, 
which,  although  easy  to  work,  disintegrated  rapidly  on  exjiosure,  ren- 
dering support,  temporary  or  permanent,  necessary.  The  overlying^ 
material,  which  would  have  to  be  penetrated  by  either  an  open  cut  or 
the  approach  cut  to  a  tunnel,  w^as  a  wet  gravel  with  many  boulders, 
very  treacherous  to  work,  and  hard  to  maintain.  Steep  rising  slopes 
adjacent  to  the  line  in  this  material  (see  Plate  IX),  made  it  iindesirable 
to  go  down  so  low  as  the  ajiproach  cut  to  a  tunnel  would  necessitate. 

It  seemed  that  the  thing  to  do  would  be  to  raise  the  grade  high 
enough,  not  only  to  avoid  a  tunnel,  but  to  get  a  reasonably  light  cut, 
even  at  a  great  increase  in  the  maximum  grade.  The  formation  of 
the  surface  on  each  side  of  the  ridge  in  this  vicinity  made  it  imprac- 
ticable to  do  this,  as  the  western  approach  was  an  elevated,  but  very 
flat  country,  giving  no  supporting  ground  on  which  to  develop  a  grade 
line;  while  on  the  eastern  side  of  the  hill  the  ground  dropped  off  very 
rapidly,  so  that  on  our  maximum  grade  of  66  ft.  j^er  mile  we  reached 
the  bottom  lands  near  the  Cumberland  River,  in  about  three  miles  from 
the  summit. 

A  tunnel  being  necessary ,  it  was  decided  to  line  it  with  timber  at 
first,  and  to  replace  the  lining  in  time  with  more  permanent  support  if 
necessary.  In  the  east  approach  cut,  after  working  into  this  soft 
material  with  its  steep  slope,  it  was  found  that  a  self-supporting  cut 
was  impossible,  and  timbering  was  commenced  about  300  ft.  from  the 
portal,  with  a  section  as  shown  in  Fig.  1.  The  upper  portion  of  the- 
cut  was  taken  off  first,  in  order  to  give  an  entry  into  the  heading 
(Plate  IX),  sloped  only  enough  to  stand  temporarily.  At  the  same  time 
a  force  started  at  grade,  sloping  1  to  1  as  far  as  possible.  The  side: 
batter  posts  were  then  placed  as  soon  as  suflicient  material  had  been 
removed  to  get  them  into  position,  after  which  the  straining  beam, 
braces,  lagging,  etc. ,  were  framed  in  place,  and  the  rear  filled  in  and 
packed  evenly  on  each  side.  The  timbering  was  started  by  sj^aeing 
the  bents  6  ft.  between  centers,  but  after  an  exceptionally  heavy  rain, 
lasting  several  days,  the  side  batter  posts  commenced  to  bend  under 
the  pressure.  Only  six  bents  had  been  put  in  at  this  time,  so  the 
distance  between  centers  was  reduced  to  4  ft.,  after  which  no  section 
of  the  timbering  showed  any  signs  of  weakness,  and  the  six  benta 
mentioned  were  re-enforced  by  an  extra  bent  between  each. 
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It  was  intended  to  work  most,  if  not  all,  of  the  tunnel  from  the  east 
portal,  so  as  to  avoid  the  "water  -which  •would  back  np  in  the  down  grade 
on  the  -west  side,  and  also  to  take  advantage  of  this  favorable  grade  for 
the  transport  of  material.  It  became  evident,  however,  that  if  so  jsrose- 
cuted,  the  -work- would  not  be  finished  with  the  balance  of  the  road, 
owing  to  trouble  experienced  with  water  in  the  west  approach,  and  with 
the  timbering  on  the  east  side. 


iSeCTiot     *»    A^/!OACn    Cut 

Fig.  1. 


The  west  approach  was  worked  by  taking  off  the  surface  of  the  cut 
and  running  an  incline  to  strike  the  heading  as  soon  as  jjossible. 
After  the  headings  had  met,  much  of  this  cut  remained  to  be  taken  out, 
so  that,  in  order  to  commence  on  the  bench  at  each  end,  another  drift 
was  inclined  to  meet  grade  of  the  tunnel  near  the  portal.  This 
material  from  the  bench  was  hauled  out  on  a  narrow  berm,  along  the 
crest  of  the  cut. 

When  the  work  was  near  completion,  biit  before  the  benches  had 
met,  it  was  seen  that  althoufrh  the  tunnel  would  be  finished  on  time, 
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the  approaching  track-laying  would  be  delayed  by  the  west  cut  not 
being  out;  another  bench  was  started  at  grade  in  this  cut  near  the  portal 
and  worked  westward.  This  method  of  jjrocedure  formed  a  vertical 
face,  and  left  no  runway  for  the  disposal  of  material,  so  a  derrick  was 
placed  above  the  face  on  top  of  the  cut,  the  rock  hoisted  in  car  bodies, 
then  placed  on  other  trucks,  and  hauled  along  the  berm  to  the  waste 
dump  (see  Plate  IX). 

The  points  selected  for  portals  made  the  length  of  tunnel  843  ft. , 
and  the    section    adopted  (see  Fig.    2)   was    the    five-segment    roof, 


Fig.  2. 

coinciding  with  an  8-ft.  radius  circular  arch  at  the  joints,  with  bents 
4  ft.  between  centers.  Roof  ribs,  side  'posts  and  wall  plates  of  12  x 
12-in.  timber,  mortised  and  tenoned  at  iipper  joints  in  roof,  and  at 
upper  end  of  posts  into  wall  plate.  Lagging,  6  ins.  thick  in  roof, 
except  at  joints  where  8-in.  was  used,  with  2-in.  dap  ;  on  sides,  the 
lagging  was  4  ins.  thick  except  two  lower  courses  where  6-in.  timber 
was  used  with  2-in.  dap. 

All  drilling  was  done  by  hand,  the  holes  being  placed  so  as  to 
blast  out  the  interior  section  without  disturbing  the  outside  limits  or 
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1:lie  roof.  Small  holes  and  charges  were  then  carefully  jjlaced  and 
fired  to  try  to  api^roximate  the  shape  of  roof  required.  This  was 
usually  accomplished,  and  at  the  same  time  taking  out  very  little 
material  outside  the  normal  section.  A  blast  so  shattered  the  rock, 
however,  that  in  order  not  to  bring  down  any  more  than  was  absolutely 
necessary,  the  timbers  and  lagging  had  to  be  placed  as  soon  as  enough 
space  had  been  mined  for  them,  after  which  the  void  space  in  the  rear 
was  carefully  packed  with  rock  laid  dry. 

Monthly  Progress  in  Heading. 


Mouth  ending- 

West  End. 

East  End. 

Both 
ends. 
"Total. 

Both 

ends. 

Monthly. 

Feet 
remain- 

Total.      Monthly. 

Total. 

Monthly. 

ing. 

March  3l8t 

(15                 65 

i         180               115 

1        285               105 

1        355                 70 

415                 to 

i38               138 
258       {         120 
358      1        inn 

65 
318 
543 
713 
843 

65 
253 
225 
170 
130 

778 

April  30th 

528 

May  31st 

300 

June  30th 

130 

July 

428 

70 

The  headings  were  comrdenced  March  15th,  and  finished  July  loth, 
1887.  The  size  approximated  a  semi-circle  of  9j  ft.  radius,  giving 
about  5i  cu.  yds.  per  linear  foot. 

The  maximum  progress  in  heading  for  one  month  in  east  end  was 
138  ft. ;  average  monthly  progress  about  122  ft. ,  or  641  cu.  yds. 

The  maximum  progress  in  heading  for  one  month  in  west  end  was 
115  ft. ;  average  monthly  progress  about  104  ft.,  or  546  cu.  yds. 

Weekly  Progress  on  Bench. 


West  End. 

East 

End. 

Week  ending — 

Both 
ends. 

Both 
ends. 

Feet 

Total. 

Weekly. 

Total. 

Weekly. 

Total. 

Weekly. 

ing. 

August  13th 

15 

(3  days  I 

I     15      5 

25 

15 

15 

828 

^ugust  20th 

40 

21 

( 3  days ) 
(     21     ) 

61 

46 

782 

August  27th 

75 

35 

45 

24 

120 

59 

723 

September  3d 

92 

17 

92 

47 

184 

64 

659 

September  10th 

136 

44 

152 

60 

288 

104 

559 

September  17th..  . . 

184 

48 

190 

38 

374 

86 

469 

September  24th  .. . . 

232 

48 

235 

45 

467 

93 

376 

October  1st 

274 

42 

274 

39 

548 

81 

295 

October  8th 

3iS 

54 

321 

47 

6t9 

101 

194 

October  15th 

391 

63 

380 

69 

771 

122 

72 

October  19th 

423 

(3  days) 
(     32     } 

420 

40 

843 

72 
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The  bench  was  started  August  10th,  and  finished  October  19th,. 
1887;  size  about  13  ft.  x  19.66  ft.,  or  9.58  cu.  yds.  per  linear  foot. 

The  maximum  weekly  progress  on  bench  at  the  east  end  was  60  ft. ; 
maximum  at  west  end,  63  ft.  The  average  weekly  progress  for  total 
of  both  ends  was  about  84  ft. ,  or  805  cu.  yds. 

The  headings  met  with  about  0.02  variation  in  alignment,  and 
practically  no  difference  in  grade.  The  roof  timbers  all  came  to  true 
even  bearings,  showed  no  settlement  or  warping,  except  in  one  place 
near  the  portal  at  the  east  end,  where,  in  starting  the  bench,  too  long 
a  section  was  left  unsupported  before  putting  in  the  plumb  posts 
under  the  wall  plate,  causing  a  slight  settlement  and  outward  move- 
ment of  roof  towards  portal.  This  was  remedied  by  placing  longi- 
tudinal bracing  outside  the  tunnel,  which  was  afterwards  taken  away 
when  the  timbering  in  the  cut  came  flush  with  the  tunnel  portal.  All 
posts,  lagging,  etc. ,  were  after  this  put  in  as  soon  as  enough  rock  had 
been  removed  for  them,  avoiding  any  further  trouble  from  settlement. 

White  oak  was  the  only  available  hard  wood  and  was  used  for  the 
lining  in  tunnel  and  apj)roach.  It  was  sawed  and  cut  at  temporary 
mills  in  the  mountains,  distant  about  one  mile,  then  hauled  to  the 
work  and  framed  to  sizes  outside  the  tunnel. 

All  labor  at  the  tunnel  and  approaches  (except  the  actiial  work  in 
framing  timbers  together,  after  they  had  been  placed  in  position)  was 
performed  by  Kentucky  State  convicts,  the  contractors  having  the 
lease  of  the  penitentiary  at  Frankfort,  and  employing  a  certain  number 
on  railroad  work,  where  they  could  be  used  to  advantage  in  different 
parts  of  the  State.  The  unsettled  condition  of  the  peoijle  in  this 
mountainous  country,  and  their  aversion  to  the  advent  of  the  road, 
rendered  it  difficult  to  jjersuade  the  average  colored  laborer  to  remain 
long  in  one  place,  so  that  the  question,  of  labor,  and  how  to  keep  it, 
was  of  the  utmost  importance  to  a  contractor,  who  looked  towards 
finishing  his  work  in  time  to  satisfy  the  company.  For  this  reason  the 
regular  convict  system,  with  the  men  always  under  jjerfect  control,  for 
day  or  night  duty,  rendered  them  almost  invaluable  for  work  at  a 
tunnel  in  a  country  like  this,  where  its  delay  meant  the  holding  back 
of  a  whole  line  of  road.  They  were  worked  in  gangs  of  from  10  to  15 
men  under  a  foreman  and  guard,  one  guard  at  each  portal  protecting 
the  tunnel,  and  were  used  elsewhere  on  this  division  only  for  work  at 
bridge  foundations,  and  in  track-laying. 
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The  writer  will  state  in  passing,  that  contrary  to  many  newspaper 
and  magazine  articles  he  had  read,  criticising  the  system  throughout 
the  South,  curiosity  led  him  to  inquire  into  the  matter,  and  from  per- 
sonal observation  at  this  tunnel  he  found  the  men  (mostly  colored) 
well  treated,  with  comfortable  quarters,  plenty  of  plain  but  good  food, 
and  as  a  rule  better  contented  than  he  had  often  seen  convicts  within 
prison  walls.  There  were  only  two  or  three  attempts  at  escape  during 
the  construction  of  the  tunnel,  and  not  any  while  track-laying  was  in 
progress,  where  the  chance  for  successful  escape  was  much  greater. 

The  total  cost  of  the  work  was  as  follows: 

Tunnel. 

Excavation,  12  513  cu.  yds.  at  $3  50 -843  795  50 

Packing,  1  309  cu.  yds.  at  §2  00 2  618  00 

Timber,  415  344  ft.,  B.M.,  at  824  50 10  175  93 

856  589  4a 
Approach  Cut —  West  Side. 

Earth  excavation,  3  567  cu.  yds.  at  13i  cts..    8481  55 

Loose  rock  excavation,  8  331  cu.  yds.  at  50  cts.  2  915  85 

Solid      "  "  1826    "       "     70  cts.  1278  20 

4  675  60 

East  Side. 

Earth  excavation,  7  216  cu.  yds.  at  13 J  cts..    8974  16 

Loose  rock  excavation,  1 509.  cu  yds.  at  35  cts.      528  15 

Solid      "  "         2  526     "      "    70  cts.  1  768  20 

Timber,  302  569  ft.,  B.  M.,  at  824  50 7  412  94 

10  683  45 

Total 871  948  48 


Mason,  Hoge  k  Company,  of  Frankfort,  Ky.,  were  the  contractors 
for  the  whole  32  miles,  the  first  10  miles,  including  tunnel,  being  sub- 
let to  Messrs.  Mason  <fe  Dickev. 
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Joseph  Stbachan,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Some  notes 
as  to  cost  of  work  and  method  of  tunnel  driving  pursued  on  the  South 
Pennsylvania  Eailroad,  gathered  during  the  progress  of  that  work. 
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from  1883  to  1885,  may  be  of  interest  in  connection  with  Mr.  Staniford's 
paper  on  the  "Brafford's  Ridge  Tunnel." 

The  residency  with  which  the  writer  was  connected  contained  the 
Kittatinny  and  Blue  Mountain  tunnels,  known  as  the  "  Twin  tunnels," 
on  account  of  their  close  j^roximity  to  each  other,  there  being  only 
750  ft.  between  their  adjoining  portals. 

All  four  approach  cuts  were  through  shale  rock  of  the  Hudson 
River  and  Clinton  formations,  with  1  500  ft.  of  Medina  sandstone  near 
the  middle  portion  of  each  tunnel. 

No  shafts  were  used  in  driving  either  of  these  tunnels. 

The  lengths  from  portal  to  portal  were:  Blue  Mountain,  4  240  ft., 
and  Kittatinny  Mountain,  4  620  ft. 

About  3  280  ft.  in  length  of  these  tunnels  was  driven  for  double- 
track  road  with  an  extreme  width  inside  of  masonry,  at  the  springing 
line,  of  27  ft.,  and  a  height  from  rail  base  to  soffit  of  20  ft.  6  ins.  The 
section  was  excavated  2  ft.  below  rail  base  for  drainage  and  ballasting 
of  track.  "Where  masonry  lining  was  used,  the  side  walls  were  of 
second-class  masonry,  laid  in  cement  mortar.  These  side  walls  were 
2  ft.  thick  at  springing  line  of  arch,  with  a  straight  back  and  a  face 
battering  6  ins.  in  a  height  of  10  ft.  3  ins. 

A  three-center  brick  arch,  2  ft.  thick,  was  sprung  from  these  walls, 
with  radii  of  10  ft.  9  ins.  on  the  under  side  of  arch,  from  the  springing 
line  at  each  side  through  45°  of  arc,  and  a  radius  of  14  ft.  8  ins. 
through  90°  of  arc  joined  the  upper  ends  of  the  arcs  of  smaller  radius 
and  completed  the  arch.  Dry  stone  packing  filled  the  space  between 
the  back  of  the  masonry  and  the  rock. 

The  west  end  of  Blue  Mountain  Tunnel  was  the  only  place  where 
pumping  was  necessary,  the  grades  at  the  other  points  being  sufficient 
to  properly  drain  the  tunnels. 

At  both  ends  of  Kittatinny  Tunnel  and  at  the  west  end  of  Blue 
Mountain  Tunnel  the  method  of  driving  was  with  a  heading  carried  75 
to  100  ft.  in  advance  of  the  bench,  which  latter  was  at  once  taken  out 
to  grade. 

At  the  east  end  of  Blue  Mountain  Tunnel,  while  excavating  for 
double-track  road,  the  bench  was  run  up  grade  for  several  hundred 
feet,  the  heading  about  100  ft.  in  advance  of  this  upper  bench,  and  a 
third  force  followed,  taking  out  the  material  to  grade  on  one  side  of 
the  tunnel,  leaving  a  berm  on  the  other  side  wide  enough  to  allow  the 
cars  from  the  upper  bench  to  carry  the  muck  from  the  heading  and 
the  upper  level,  to  the  dump. 

One  or  two  men  were  detailed  to  follow  the  bench  force  and  trim 
the  roof,  for  a  peculiarity  of  this  shale  was  that  what  api^eared  to  be  a 
very  solid  roof  would,  after  exjiosure  to  the  air  for  a  few  days,  disinte- 
grate, and  large  chunks  would  occasionally  fall,  sometimes  with  serious 
results  to  the  laborers  in  the  tunnel. 
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A  compressor  plant  for  driving  the  drills  Tvas  located  at  each  end  of 
Blue  Mountain  Tunnel. 

For  Kittatinny  Tunnel  a  compressor  plant  was  located  in  the  valley 
between  the  hills,  and  a  3-in.  iron  pipe  was  run  over  to  the  westerly 
heading  ;  the  single  compressor  thus  operating  both  ends  of  this 
tunnel. 

The  reduction  from  double-track  to  single-track  section  was  made 
by  sliding  the  half  section  for  double  track  sideways  for  11  ft.  on  to 
the  other  half  section,  thus  reducing  the  width  of  the  section  to  16  ft., 
and  its  height  to  a  little  over  21  ft.,  the  resulting  section  showing  a 
pointed  arch. 

No  masonry  for  single-track  tunnel  was  built,  but  at  the  west  end 
of  Blue  Mountain  Tunnel  timbering  was  used  for  both  double  and 
single-track  sections. 

Single-track  rock  section  required  an  excavation  of  10.7  cu.  yds.  per 
foot  run.  The  heading  in  single-track  tunnel  was  usually  about  12  ft. 
wide,  and  from  6  to  7  ft.  high. 

The  holes  drilled  for  the  "  cut,"  as  the  first  holes  in  the  face  of  the 
heading  are  termed,  were  usually  eight  in  number,  four  on  each  side  of, 
and  about  4  ft.  from,  the  center  line,  and,  vertically,  about  2  ft.  apart, 
7  to  8  ft.  deep,  and  the  upper  hole  on  each  line  from  3  to  4  ft.  below 
soffit  grade. 

"  Squaring-up  "  holes  were  arranged  in  a  manner  similar  to  those 
of  the  "cut,"  and  the  lines  about  6  ft.  each  side  of  center  line  of 
tunnel. 

An  additional  hole  at  the  top  of  the  heading  on  center  line  was 
drilled  for  a  top  enlargement,  and  two  hales  at  about  the  level  of  the 
springing  line  of  the  arch,  and  within  1  or  2  ft.  of  the  lines  of  tunnel 
section,  were  drilled  for  side  enlargement. 

The  heading  force  drilled  the  "cut"  and  "squaring-up"  holes, 
and  a  second  force  the  top  and  side  enlargement  holes,  while  a  third 
force  of  drillers  took  care  of  the  bench. 

The  holes  drilled  for  the  "  cut  "  were  inclined  toward  each  other 
about  30- ,  so  that  a  wedge-shaped  section  of  rock  was  blown  out,  and  as 
little  force  as  possible  wasted  one  side  of  the  center  line  in  neutralizing 
the  force  from  the  other  side.  The  holes  for  the  "square-up"  were 
inclined  slightly  away  from  the  center  line,  to  get  all  the  "  cut "  missed. 
Four  holes  across  the  16-ft.  width  of  tunnel  were  drilled  to  blow  down 
the  material  to  the  bottom  of  the  tunnel.  When  the  heading  floor  was 
carried  quite  high,  the  material  between  it  and  bottom  grade  would  be 
worked  in  two  lifts. 

From  observations  taken,  the  amount  of  explosive  used  for  the 
"  cut"  varied  from  75  to  100  lbs.,  according  to  depth  of  holes.  The 
explosive  contained  from  40  to  60%  dynamite. 

Through  the  shale  rock  about  20  hours  were  required  from  the 
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"beginning  of  one  cut  to  the  beginning  of  the  next,  i.  e.,  for  the  drilling, 
loading  and  firing  of  the  heading  holes  and  setting  up  drills  to  begin 
again.  Through  the  sandstone  from  25  to  27  hours  were  required  for 
these  operations. 

The  prices  paid  for  tunnel  excavation  were:  Blue  Mountain,  double- 
track  tunnel,  $3  per  cubic  yard,  and  $3  45  per  cubic  yard  for  single- 
track  tunnel.  At  the  Kittatinny  Mountain  Tunnel  the  prices  were  $3  25 
and  S3  50  for  double  and  for  single-track  tunnel  respectively.  Second- 
class  masonry,  ^8  per  cubic  yard;  brick  masonry,  $12  per  cubic  yard; 
dry  packing,  $3  per  cubic  yard. 

Force  account  was  taken  each  day  over  the  entire  work  and  an  esti- 
mate of  the  cost  of  the  work  to  the  contractor  was  calculated  and  sent 
to  the  Division  Engineer  with  the  monthly  estimate  of  work  done. 

From  observations  made  during  the  spring  and  early  summer  of 
1885,  the  total  cost  to  the  contractors  for  East  Blue  Mountain  head- 
ing, in  Medina  red  sandstone,  dipping  75^  west,  with  a  section  requir- 
ing an  excavation  of  10.7  cu.  yds.  per  foot  run,  was  Wl  39,  and  for 
bench  was  $4  10  per  cubic  yard;  average  haul  by  cars,  2  800  ft. 

At  West  Blue  Mountain  heading,  through  olive  shale  of  the  Clinton 
formation,  dipping  70°  west,  the  cost  was  $4  16,  and  for  bench  ^1  63, 
with  a  tunnel  section  of  15.6  cu.  yds.  per  foot  run,  and  an  average  haul 
by  cars  of  1  700  ft. 

At  West  Blue  Mountain,  through  olive  and  red  shales  with  b% 
sandrock,  dipping  70°  west,  and  a  tunnel  section  of  11  cu.  yds.  per 
foot  run,  heading  cost  S4  50,  and  bench  $2  67  per  cubic  yard;  average 
haul  by  cars,  2  200  ft. 

At  East  Kittatinny,  through  olive  shale  with  b%  sandrock,  dijjping 
from  6-  to  30^  east,  and  a  very  wet  heading,  with  a  tunnel  section  of 
10.7  cu.  yds.  per  foot  run,  the  heading  cost  S4  69,  and  bench  ^2  42  per 
cubic  yard;  average  haul  by  cars,  2  350  ft. 

At  West  Kittatinny,  through  red  Medina  sandstone,  dipping  84° 
east,  with  a  tunnel  section  of  10.7  cu.  yds.  per  foot  run,  heading  cost 
S8  38,  and  bench  $3  43  per  cubic  yard  ;    average  haul  by  cars  2  400  ft. 

The  above  figures  were  obtained  by  observing,  as  closely  as  possi- 
ble, the  force  account  at  the  different  points  and  estimating  the  interest 
on  cost  of  plant  and  depreciation  of  same,  cost  of  small  tools,  fuel, 
transportation  and  explosives  used. 

Weekly  progress  reports  were  issued  from  the  office  of  the  Associate 
Engineer  at  Harrisburg,  and  a  file  of  these,  running  from  July  4th,  1885, 
to  October  10th,  1885,  shows  a  maximum  weekly  progress  in  heading  of 
65  ft.  at  East  Kittatinny,  and  on  bench  of  52  ft.  at  the  same  place.  The 
average  heading  progress  for  seven  weeks,  just  previous  to  the  orders 
to  close  down,  was  about  21  ft.,  and  on  bench  was  24  ft. 

During  the  progress  of  the  work,  notes  were  taken  along  the  side 
walls  of  the  tunnels  of  the  dip  of  the  rock  strata,  their  thickness  and 
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location  by  stations,  and  this  information  was  plotted  on  a  large  scale 
for  record. 

When  the  alignment  of  the  tunnels  had  been  carefully  made,  the 
length  between  portals  was  measured  by  lining  in  large  stakes  with  a 
nail  driven  into  the  top  of  each  and  near  enough  together  to  measure 
with  a  100-ft.  steel  taj^e  the  distance  between  the  nails  on  the  slope  of 
the  hill.  Careful  levels  were  then  taken  on  the  nails,  and  the  horizon- 
tal distances  between  them  calciilated  in  the  office  and  summed  up  for 
the  lengths  of  tunnels. 

It  was  not  our  good  fortune,  however,  to  be  able  to  "check  up  " 
line  and  levels  through  these  tunnels. 

The  work  was  abandoned  November,  1885,  the  headings  of  the  Blue 
Mountain  Tunnel  being  then  1  180  ft.  apart,  and  those  of  the  Kitta- 
tinny  Mountain  Tunnel  but  570  ft.  apart. 

I  believe  no  further  Avork  has  since  been  done  on  the  South  Penn- 
sylvania Railroad. 

Mr.  William  F.  Shunk,  of  Harrisburg,  was  Associate  Engineer,  with 
Mr.  Robert  H.  Sayre  as  Chief  Engineer  of  this  road,  and  William  H. 
Atwood,  M.  Am.  Soc.  C.  E.  (now  deceased),  was  Division  Engineer  over 
about  32  miles  of  very  heavy  work  which  included  these  tunnels. 

W.  M.  HAiiL,  M.  Am.  Soc.  C.  E.  (by  letter). — Having  done  much 
similar  work  to  that  described  by  Mr.  Staniford,  I  have  read  his  paper 
with  interest.  To  me  the  points  of  most  importance  are,  first,  the 
progress  made  with  hand  drills;  second,  the  method  of  timbering  ap- 
proach cut;  and  third,  his  comments  on  convict  labor. 

As  hand  drills  were  used  throughout,  of  course,  his  progress  was 
limited  by  the  drilling.  For  that  method  I  note  his  tunnel  progress 
was  very  fair;  and  in  this  connection  I  wish  to  say  that  for  short  tun- 
nels of  less  than  2  000  ft.  length,  where  time  is  not  a  matter  of  the  very 
greatest  importance,  that  even  in  this  age  of  machinery  it  is  the  best 
manner  of  doing  the  drilling.  In  saying  this,  I  mean  it  is  best  for 
both  the  contractor,  who  wishes  to  take  out  the  excavation  at  the  least 
possible  cost,  and  for  the  OAvner  of  the  tunnel,  who  wants  it  completed 
in  the  most  substantial  manner  at  the  least  possible  cost. 

In  these  days  of  cheap  exj^losives  and  machine  drills  the  inclination 
is  to  i^ut  in  holes  from  6  to  9  ft.  in  depth.  These  deep  holes  often  in- 
jure almost  or  entirely  beyond  repair  what  could  with  shorter  holes  be 
made  a  good  substantial  rock  roof.  They  also  make  the  breakage  out- 
side of  the  desired  section  excessive.  With  machine  drills  every  tun- 
nel foreman  wants  to  take  out  just  as  deep  a  cut  as  he  can  "pull." 
We  can  all  easily  make  limits  for  the  depth  of  these  holes,  but  getting 
such  orders  obeyed  is  a  more  difficult  matter.  With  hand  drills  there 
is  no  incentive  to  put  the  holes  deeper  than  about  5  ft. ;  and,  there- 
fore, the  natural  roof  is  shattered  very  little  and  a  better,  and  in  many 
cases  a  good  rock  roof,  is  obtained,  which,  with  the  use  of  deeper  holes. 
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would  have  been  ruined,  necessitating  timber  or  masonry  lining.  I 
believe,  therefore,  that  the  engineer  who  orders  or  allows  plants  of 
drilling  machinery  put  on  his  short  tunnels,  except  in  cases  of  absolute 
necessity,  is  making  a  mistake. 

I  read  Mr.  Staniford's  comments  on  the  treatment  of  convict  labor 
with  much  interest,  and,  although  this  method  of  employing  convicts 
is  so  severely  criticised  by  our  press,  and  many  of  our  statesmen,  it 
appears  to  me  far  better  for  any  State  to  make  a  convict  jjay  for  his 
support  and  other  expense  to  the  State  than  to  further  tax  the  State 
which  he  has  wronged  for  the  support  which  he  should  be  made  to 
earn.  However,  as  this  is  only  remotely  an  engineering  question,  I 
will  not  pursue  it  further. 
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lier  stone,  it  lias  the  more  important  advantages  of  much  gi'eater  hard- 
ness and  durability,  besides  being  absolutely  unaffected  by  frost.  Of 
course  this  rule  of  the  cheapest  being  best  would  not  apply  to  granite 
monuments,  as  the  cheaper  grades  of  this  stone  are  soft  and  liable  to 
splinter. 

On  the  whole  the  writer  is  hardly  prejaared  to  make  a  choice  be- 
tween the  marble  monument  and  the  iron  one  applicable  to  all  cases. 
In  his  judgment  the  former,  looked  at  in  the  light  of  a  monument  only, 
is  the  better,  having  the  advantages  of  weight,  durability  and  the 
wedging  effect  of  the  earth,  yet  when  it  is  considered  that  it  will  cost 
at  least  double  as  much  as  the  cast-iron  monument,  it  seems  almost 
that  the  choice  must  be  with  the  latter.  The  oj)inions  of  others  on  this 
subject  would  be  very  acceptable. 

In  conclusion,  no  matter  what  system  of  monuments  is  adopted,  it 
should  be  the  best  of  the  kind  obtainable.  It  is  bad  policy  for  any 
city  to  practice  too  much  economy  in  the  way  of  street  monuments, 
and  when  the  annoyance  and  occasional  legal  complication  that  is  pre- 
vented by  proper  street  marking  is  taken  into  account,  no  doubt  remains 
of  this;  no  stronger  testimonial  of  the  need  for  proper  street  marking 
can  be  found  than  the  replies  received  from  city  engineers  of  cities 
unfortunately  not  so  jjrovided. 


DISCUSSION. 


HoKACE  A>'DEEWs,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Broomallhas 
described  the  method  of  marking  points  of  reference  in  various  cities. 
It  would  ajjpear  that  everywhere,  except  at  Salem,  Ore.,  the  marks  are 
merely  surface  ones.  The  most  durable  marks  are  those  buried  under- 
ground, such  as  are  used  for  marking  trigonometrical  stations.  In  such 
cases  surface  marks  should  be  used  also.*  In  trigonometrical  work, 
if  either  mark  is  omitted,  it  is  apt  to  be  the  surface  mark.  Under  such 
circumstances,  I  have  found  underground  marks  in  excellent  condition 
after  20  years;  it  is  self-evident,  however,  that  they  may  be  very 
difficult  to  find.t 

Where  surface  and  underground  marks  are  both  used  it  is  custom- 
ary to  place  the  latter  vertically  below  the  former.  In  this  position 
the  underground  mark  is  so  inaccesible,  where  the  surface  mark  is  a 

*  See  V.  S.  C.  8.  Report  for  1868,  pp.  113-14-16.    Report  by  Richard  D.  Cutis,  Assistant, 
t  Science,  Vol.  I,  pp.  269,  394,  458. 
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monument  3  or  4  ft.  long,  that,  in  city  surveys,  it  would  not  often  be 
referred  to.  To  obviate  this  inconvenience,  eccentric  underground 
marks,  in  addition  to  the  one  at  center,  are  very  useful.* 

I  have  recently  had  occasion  to  use  a  stone  monument  placed  on 
the  north  boundary  of  the  city  of  Albany  in  1800,  by  Simeon  De  Witt. 
This  stone  is  in  an  excellent  state  of  preservation,  but  it  is  so  much 
out  of  plumb  that  the  center  is  very  indefinite.  In  this  case,  the  soil, 
which  is  of  fine  sand,  has  been  blown  from  around  the  monument. 
Many  other  stone  monuments  in  this  city,  set  to  mark  the  city  line, 
are  equally  indefinite.  While  I  recognize  the  fact  that,  from  practical 
reasons,  city  monuments  must  be,  in  general,  surface  marks,  it  seems 
very  desirable  that  imjjortant  fundamental  points  should  also  have 
underground  marks. 

Some  of  the  chief  reasons  for  neglecting  to  mark  reference  points 
for  city  work  are  due  to  the  time,  labor  and  expense  involved.  The 
Albany  monument,  referred  to  by  Mr.  Broomall,  is  designed  to  reduce 
these  objections  to  a  minimum.  It  is  light,  weighing  50  lbs.  only,  for 
the  3-in.  monument,  showing  a  4-in.  brass  cap  on  the  surface.  It  can 
therefore  be  readily  carried  by  one  man  or  transported  on  street  cars. 
It  is  strong  and  durable  and  can  be  conveniently  set  with  a  post-hole 
auger,  with  a  light  bar  where  necessary.  The  3-in.  monuments,  with 
brass  caps  weighing  1  lb.  12  oz.,  purchased  in  a  lot  of  50,  have  cost 
81  95  each.  The  3-in. ,  double-hubbed,  5-ft.  soil  pipe  is  generally  the 
most  suitable  in  size.  Iron  soil  pipes  can,  however,  be  obtained  of  a 
great  variety  of  sizes  from  almost  any  dealer  in  plumbers'  supplies,  so 
that  size  and  cost  can  always  be  adapted  to  the  requirements. 

According  to  my  experience,  monuments  to  be  stable  should  be  set 
in  holes  of  small  diameter,  dug,  if  possible,  with  a  post-hole  auger, 
otherwise  with  a  crowbar,  and  the  spoon  shovel  generally  employed  by 
telegraph  linemen.  If  the  soil  is  very  loose,  and  the  trouble  and 
expense  can  be  afforded,  the  stability  of  the  monument  may  be  much 
increased  by  filling  around  it  with  concrete.  This  plan  was  that  finally 
adopted  on  the  New  York  State  Survey.  If  a  long  trench  is  dug,  the 
monument  is  very  liable  to  lean  in  the  direction  of  the  trench  after  a 
while.  It  is  very  inadvisable  to  attempt  to  set  monuments  with  tools 
that  are  not  suitable  for  digging  a  small,  deep  hole. 

Malicious  or  mischievous  interference  is  more  to  be  feared  than  the 
natural  disturbing  action  of  the  elements.  I  have  seen  the  surface 
marks  of  a  primary  trigonometrical  station  nearly  destroyed  by  fires, 
apparently  made  for  that  purpose  ;  others  I  have  seen  battered  to 
pieces  with  stones.  The  brass  caps  of  the  Albany  monuments  have 
occasionally'  been  removed  by  means  of  fires  built  to  melt  the  lead 
jointing,  or  by  pounding  them  in.  Such  destruction  is  only  to  be 
feared  in  the  suburbs,  where  the  monuments  may  advantageously  be 
*  New  York  State  Survey  Report  for  1887,  Appendix  B. 
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buried,  if  their  positions  are  suitably  referenced.  Surveyors  in  Albany 
have  sometimes  used  pieces  of  old  rails,  6  to  8  ft.  long,  with  a  cross 
marked  on  the  end  ;  these  are  admirably  adapted  to  withstand  hard 
usage,  and  are  very  suitable  for  newly  laid-out  streets. 

I  have  found  it  difficult  to  adhere  to  rigid  rules  regarding  location. 
In  suburban  places,  where  the  houses  are  apt  to  be  built  back  of  the 
street  lines,  the  street  corner  is  the  best  and  most  convenient  place  for 
the  moniiment.  At  other  places  the  monument  can  be  set  near  a  cor- 
ner, on  one  street  line  and  3  or  5  ft.  from  the  other.  In  this  jiosition 
an  instrument  can  be  set  directly  over  the  monument,  and  can  sight 
past  the  stoops  of  houses,  which  are  tolerated  in  Albany  where  not  pro- 
jecting more  than  8  ft.  At  too  great  a  distance  from  the  corner, 
sewers,  gas  and  water  i:)ipes,  when  laid  imder  the  sidewalks,  will  be 
liable  to  disturb  the  monument.  A  location  at  the  center  lines  of 
streets  would  seem  to  be  in  the  greatest  danger  oi  disturbance. 

The  German  practice  in  marking  reference  points  is  instructive. 
Sometimes  the  mark  is  a  triangle  cut  on  one  vertical  face  of  a  monu- 
ment.* Round  monuments,  moulded  from  cement,  with  lettering 
around  the  monument,  have  been  used  in  Stuttgart,  the  moniiment 
having  a  sjiherical  top  to  serve  as  a  bench  mark.f  An  example  of  some 
of  the  excellent  referencing  of  trigonometrical  points  in  Baden  is  given 
in  "Das  Deutsche  Vermessungswesen,"  Vol.  I,  page  272.  Pieces  of 
agricultural  tile  are  extensively  used,  and  siiitable  "  earth  borers " 
are  figured  in  German  instrument  catalogues.  Sometimes  a  vride  hole 
1  ft.  deep  is  dug,  and  the  tile  is  set  vertically  in  the  bottom  of  the 
hole,  by  digging  to  an  additional  depth  with  the  "  earth  borer."  The 
bore  of  the  tile  is  useful  for  receiving  the  sighting  pole;  a  hole  for  this 
purjjose  being,  indeed,  generally  made  in  the  stone  and  iron  monu- 
ments. After  the  completion  of  the  survey,  a  stone  monument  of 
moderate  size  and  cost  is  placed  over  the  tile,  the  shallow  hole  then 
being  filled  up. 

In  detailed  surveys  of  cities  long  built  up,  the  problem  consists  in 
the  accurate  location  of  buildings  which  in  themselves  are  monuments, 
and  the  only  ones  giving  the  street  lines.  In  the  very  detailed  survey 
of  the  city  of  Berlin,  monuments  are  little  used;  crosses  cut  in  the 
curb  or  sidewalks  are  of  temporary  sei'vice,  and  are  so  well  and  care- 
fully measured  from  adjacent  building  corners  that  their  location  can 
be  reproduced  with  precision.  Attempts  are  frequently  made,  how- 
ever, to  mark  the  traverse  points  in  old  cities  where  the  traflic  is  great 
and  the  possibility  of  disturbance  is  considerable.  The  best  method 
of  such  marking  that  I  have  seen  described  is  that  devised  by  Mr. 
GerkeJ  for  use  in  the  city  of  Altenberg,^  a  modification  of  that  previ- 

*  Jordan,  Vermess.     Vol.  I,  p.  3U7.     1877. 
t  Zeitschrift  fur  Vermessungswesen.     1872. 
tZeitschrift  fur  Vermess.    1871,  p.  197,  etc. 
§  Also  employed  by  Mr.  Nagel,  in  Leipsic. 
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ously  used   by  him.     Mr.   Gerke   summarizes   the   demands   for  the 
proper  marking  of  points  in  the  interior  of  cities  as  follows: 

(1)  Durable,  solid  material,  not  liable  to  danger  from  frost  or 
decay. 

(2)  Secure  placing  and  the  selection  of  an  easily  found  surface 
mark. 

(3)  The  mark  itself  must  not  be  buried  and  must  be  adapted  for 
holding  a  sighting  pole. 

(4)  A  surrounding  case  miist  be  used  to  guard  against  danger  from 
repaying  or  disturbance.  This  case  must  be  capalde  of  lateral  or  ver- 
tical shifting  without  affecting  the  mark. 

To  answer  the  above  requirements  Mr.  Gerke  uses  a  cast-iron  pin 
60  cm.  long,  8  cm.  square  on  top,  and  4  cm.  square  immediately  above 
the  point.  The  pin  has  a  rounded  tojj  with  a  tapering  hole  about  3  cm. 
in  diameter  and  17  cm.  deep,  to  receive  the  sighting  pole.  These  pins 
Aveigh  14  kgr.  and  are  driven  into  the  leaved  streets  with  their  tops  15 
to  20  cm.  below  the  siirface.  A  small  octagonal  iron  box,  with  lid 
held  on  by  lugs  and  requiring  to  be  turned  with  a  key,  is  placed  over 
the  pin.  The  tojj  of  the  box  is  flush  with  the  pavement,  which  latter 
rests  on  a  flange  formed  on  the  bottom  of  the  box  and  thus  holds  it 
securely.  The  box  weighs  16.5  kgr.  Box  and  pin  together  cost  about 
SI  10,  which  Mr.  Gerke  justly  remarks  is  extremely  cheaj).  The  tojjs 
of  Mr.  Gerke's  iron  pins  are  designed  to  serve  as  subordinate  bench 
marks.  For  bench  marks  of  importance  there  are  round-headed  bolts 
cemented  into  holes  drilled  into  the  walls  of  houses  in  many  German 
cities.  The  initial  bench  mark  of  Prussian  surveys  is  of  enameled 
glass  inlaid  in  a  block  of  granite  in  the  wall  of  the  Eoyal  Observatory 
at  Berlin.  It  has  a  millimeter  division,  running  10  cm.  each  way  from 
the  central  mark,  which  latter  is  37  m.  above  the  normal  zero.  This 
scale  is  protected  by  a  metal  box  with  a  locked  door,  the  whole 
arrangement  being  quite  ornamental  in  appearance.  An  agate  topped 
bolt  in  the  foundations  of  another  part  of  the  building  gives  a  means 
of  guarding  against  i^ossible  loss  of  the  enameled  scale. 

For  absolute  security,  an  initial  datum  plane  might  well  be  referred 
to  not  less  than  three  bench  marks,  sucli  as  are  described  by  Mr.  George 
W.  Cooley,  in  the  Tmnsttclionsoi  the  American  Society  of  Civil  Engineers 
for  1889.  I  am  of  the  opinion  that  such  bench  marks  would  be  prefer- 
able to  marks  made  on  the  walls  of  buildings  under  most  conditions,  and 
with  foundations  that  are  heavily  loaded.  Mr.  Cooley's  bench  marks 
are  beyond  the  influence  of  frost;  they  cannot  settle  into  the  ground 
from  insecure  foundations,  as  many  buildings  are  known  to,  and  they 
woiild  not  seem  to  be  liable  to  disturbance  from  earthworms,  a  danger 
indicated  by  DarAvin. 

C.  M.  Bkoomall,  Jun.  Am.  Soc.  C.  E. — The  description  given  by 
Mr.   Andrews  of  the   cement    monument   used   in     Stuttgart  is  verv 
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interesting,  and  such  a  monument,  if  its  durability  could  be  insured, 
ought  to  be  a  good  one.  It  would  seem  to  the  writer,  however,  that 
there  would  be  danger  of  its  going  to  pieces.  This  might  be  prevented 
if  the  cap  could  be  so  made  as  to  cover  and  enclose  the  iipper  6  or  8  ins. 
of  the  monument,  being  held  by  iron  rods,  or  other  means,  to  the  mass 
of  cement  below.  For  the  fullest  application  of  this  monument  it 
would  be  necessary  to  have  it  so  that  it  could  be  made  in  situ,  the  hole 
being  dug  of  proper  size  and  filled  with  cement  and  the  cap  then 
attached  and  centered  before  the  cement  had  hardened.  The  details 
of  this  attachment  would  have  to  be  such  as  to  make  it  firm  and 
lasting. 

In  regard  to  the  buildings  becoming  monuments  in  the  biiilt-iip  por- 
tions of  cities,  this  is  true  to  a  certain  extent  ;  biit  when  it  comes  to 
making  use  of  them  for  the  protection  of  streets  into  unmarked  territory 
they  would  seem  to  be  of  questionable  use  unless  cumbersome  and 
detail  notes  were  preserved  of  the  exact  location  of  some  i^roperly 
defined  point  on  each  "range"  hoiise.  Unless  these  defined  points 
were  regularly  prepared  and  marked  in  the  wall  of  each  house,  and  on 
some  definite  system  of  lines,  a  great  loss  of  simplicity  would  result, 
making  lengthy  extracts  from  the  city  plan  necessary  for  every  piece  of 
work. 

The  use  of  several  initial  level  benches  is  to  be  recommended.  If 
this  is  not  done  it  might  result  in  the  state  of  things  existing  in  the 
writer's  town,  where  the  datum  stone,  the  basis  of  all  levels,  originally 
situate  in  an  acljacent  valley,  has  become  washed  away.  As  the  local 
range  stones  have  been  more  or  less  subject  to  natural  changes  as  time 
passed,  the  consequence  is  that  when  any  extensive  leveling  operations 
are  undertaken  it  is  necessary  to  do  an  amount  of  averaging  up  that  is 
anything  but  satisfactory. 

It  is  much  to  be  regi-etted  that  the  question  of  street  monuments  is 
not  separable  from  the  money  side  of  the  matter.  The  kind  and  extent 
of  monuments  is  not  only  dependent  upon  mechanical  principles,  but 
is  almost  equally  dependent  upon  the  amount  of  money  the  authorities 
are  willing  to  expend,  which  is  not  large.  Since  the  stones  are  lost 
from  time  to  time  and  the  engineer  is  not,  as  a  rule,  authorized  to  replace 
them,  there  is  developed  a  strong  tendency  toward  decline,  which  is 
seldom  successfully  resisted.  It  is  only  when  things  have  gone  so  far 
that  something  must  be  done  that  the  city  authorities  see  the  false 
economv  of  theii-  action. 
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THE   LOAD   LINE   IN    TELEPHONE    EXCHANGES. 


By  A.  V.  Abbott,  Jim.  Am.  Soc.  C.  E. 
Bead  at  the  Annuad  Convention,  June,  1894. 


A  study  of  the  variations  in  loading  to  whicli  dynamic  plants  are 
subjected  forms  one  of  the  most  interesting  of  engineering  investiga- 
tions. The  station  loads  carried  by  electric  and  cable  railway  plants 
have,  during  the  past  few  years,  formed  a  prolific  topic  of  scientific 
discussion,  and  the  results  have  revolutionized  certain  departments  in 
steam  engineering.  Similarly,  the  managers  of  electric  light  plants 
are  perpetually  seeking  to  realize  a  maximum  output  with  a  minimum 
of  invested  caj^ital  and  operating  expense. 

Among  interesting  load  lines,  those  presented  by  the  daily  burden 
on  telephone  exchanges  exhibit  some  features  of  peculiar  interest,  well 
worthy  of  professional  consideration.  The  telephone  exchange  is 
merely  the  mechanism  whereby  different  parties  may  be  rapidly  and 
reliably  placed  in  talking  relations  with  each  other,  and  the  exchange 
only  fulfills  its  office  in  proi3ortion  to  the  efficiency  with  which  this 
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end  is  accomijlishecl.  Considering  that  some  of  the  Larger  exchanges 
in  this  country  are  handling  messages  at  the  rate  of  100  000  000  a  year, 
the  impoi'tance  of  a  consideration  of  the  exchange  load  line  becomes 
apparent. 

Before  passing  to  the  actual  examination  of  the  load  line  proper,  it 
will  be  pertinent  to  look  at  the  principal  and  essential  features  of  the 
exchange  system,  in  order  that  the  relation  of  the  load  line  to  the 
apparatus  and  methods  of  operating  may  be  fully  ai^preciated. 

A  telephone  exchange  consists  of  one  or  more  offices,  in  -which  the 
switching  ajDparatus  for  placing  subscribers  into  intercommunication 
is  located.  The  simplest  exchange  consists  of  a  single  office  into  which 
the  lines  from  all  subscribers  converge.  Such  an  office  is  always  the 
commencement  of  any  telejjhone  exchange,  and  is,  naturally,  located 
as  near  as  possible  to  the  electrical  center  of  gravity  of  the  subscrib- 
ers' district.  As  business  increases  and  additional  subscribers  are  con- 
nected with  the  exchange  the  territory  served  enlarges,  and  a  point  is 
soon  reached  when  the  line  mileage  from  the  varying  subscribers  to 
the  central  office  becomes  an  important  consideration. 

As  in  any  exchange  the  actual  number  of  siibscribers  in  conversa- 
tion at  any  one  instant  is  comparatively  a  small  proportion  of  the 
entire  number  served,  territorial  dimensions  soon  indicate  the  advis- 
ability of  establishing  a  branch  office,  into  which  the  more  distant 
subscribers  may  be  carried,  the  switchboard  of  which  shall  be  con- 
nected with  the  original  central  office  by  means  of  a  small  number  of 
trunk  cables  that  are  sufficient  to  serve  the  maximum  number  of  sub- 
scribers that  are  likely  to  be  in  conversation  at  any  single  instant. 
Thus,  in  the  largest  cities,  the  growth  of  the  exchange  is  centrifugal, 
extending  outward  from  the  original  central  district.  The  telephone 
system  has  been  very  aptly  compared  to  the  nervous  system  of  a 
sentient  organism,  in  which  the  various  outlying  offices  may  be  reji- 
resented  by  the  subordinate  nervous  ganglia — the  main,  or  central, 
office  occujiying  the  i^lace  of  the  brain. 

At  each  of  the  offices  in  an  exchange,  the  approjjriate  aj^paratus 
for  rapidly  switching  subscribers  into  talking  relations  must  be 
located.  This  apparatus  usually  takes  the  form  of  a  switchboard — a 
typical  rejDresentation  of  which  is  indicated  in  Plate  X. 

Considering  this,  it  is  evident  that  the  switchboard  consists  of 
vertical   panels   carrying  the   subscribers'  switches,   or   spring-jacks 
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underneath  wliicli  a  shelf  is  located  having  a  number  of  flexible  cords 
terminating  in  metal  plugs,  the  insertion  of  which  into  the  si^ring- 
jacks  of  two  respective  siibscribers  places  them  in  talking  relations 
with  each  other.  Directly  beneath  the  cord  shelf,  manual  keys  are 
located,  enabling  the  operator  to  place  herself  in  communication 
with  the  various  subscribers,  and  beneath  the  keys  are  located  annun- 
ciators serving  to  notify  the  oj)erator  that  a  connection  is  desired. 

The  manipulation  of  the  switchboard  will  be  more  clearly  under- 
stood by  reference  to  some  of  the  electrical  features,  as  contained  in 
the  circuit  common  to  the  so-called  standard  switchboard,  shown  in 
Fm.  1. 


The  diagram  illustrates  two  subscribers,  Nos.  127  and  84,  in  con- 
versation. Imagining  for  a  moment  that  the  plugs  introduced  into  Nos. 
84  and  127  are  withdrawn,  it  will  be  seen  that  one  side  of  the  line  of  each 
subscriber  enters  the  spring-jack  at  the  exchange,  and,  passing  through 
the  jack,  runs  to  an  annunciator  bearing  the  appropriate  subscriber's 
number.     The  other  side  of  the  line  leaves  the  annunciator  through 
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ON  THE  MARKING  OF  STREET  LINES. 


By  C.  M.  Broomall,  Jun.  Am.  Soc.  C.  E. 
Bead  at  the  Annual  Convention,  June,  1894. 


WITH  DISCUSSION. 


The  writer,  being  interested  in  the  question  by  reason  of  his  posi- 
tion as  surveyor  of  a  Pennsylvania  town,  has  been  collecting  data  re- 
garding the  various  methods  used  in  different  cities  throughout  the 
country  "to  mark  the  street  lines,  what  manner  of  range  stones  or 
monuments  are  used,  their  location,  size,  etc. ;  also  what  points  are 
used  as  level  benches  and  to  what  datum  they  are  referred."  The  sub- 
ject at  first  glance  seems  a  small  one  to  spend  much  time  in  investigat- 
ing, yet  when  it  is  considered  how  much  dejjends  uf)on  the  unalterability 
of  street  lines,  there  is  little  doubt  but  that  the  exijerience  of  all  city 
engineers  will  lead  them  to  agree  upon  its  importance. 

In  collecting  this  data,  circular  letters  were  sent  to  city  engineers  in 
all  parts  of  the  country.  The  number  of  answers  received  was,  of 
course,  in  no  manner  sufficient  to  show  the  average  practice,  but  it 
gave  the  opportunity  of  choosing  from  a  large  number  that  which 
seemed  the  best  practical  method,  and  it  was  for  that  pur^jose  the  in- 
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quiry  was  started.     The  following  is  a  brief  record,  with  comments,  of 
all  the  different  methods  contained  in  the  replies : 

First. — The  commonest  method  of  marking  street  lines  is  undoubt- 
edly by  the  use  of  ordinary  stone  monuments,  granite  or  marble.  The 
usual  length  of  the  stones  is  from  18  to  24  ins. ,  although,  as  exceptions 
to  the  rule,  it  may  be  mentioned  that  the  city  of  Milwaukee,  Wis.,  uses 
monuments  5  ft.  in  length;  the  city  of  Wilmington,  Del.,  3  ft.  in  length; 
Memphis,  Tenn.,  3  ft.  in  length;  and  Portland,  Me.,  5  ft.  in  length.  A 
large  number  of  replies  received  mention  them  as  being  located  at  the 
intersections  of  the  center  lines  of  streets,  while  others  have  them  near 
the  side  lines  on  3-ft.  or  5-ft.  ranges.  In  the  city  of  Erie,  Pa.,  the  stones 
ai'e  described  as  1  cu.  ft.  in  size,  with  a  coj)per  rivet  inserted  to  mark  the 
line.  In  Salt  Lake  City,  Utah,  the  monuments  are  i^rotected  by  brick 
boxes  with  cast-iron  covers.  In  the  city  of  Jacksonville,  Fla. ,  artificial 
stone  monuments  are  used.  The  city  of  Portland,  Me.,  uses  monu- 
ments of  granite  5  ft.  long  and  8  ins.  square,  on  3-ft.  range  lines. 

Second. — Iron  monuments  are  used  in  many  cities.  In  Topeka, 
Kan. ,  round  wrought-iron  i^ins  1  in.  in  diameter  and  30  ins.  long  were 
originally  used,  but  now  cast-iron  pins  1\  ins.  in  diameter  and  30  ins. 
long  are  used,  the  reason  given  for  the  change  being  that  the  latter  can- 
not be  easily  pulled  out.  In  other  cities  iron  bolts  are  used  1  in.  in 
diameter  and  only  1  ft.  in  length,  driven  at  the  intersections  of  the 
center  lines  of  streets.  In  Memphis,  Tenn.,  iron  bolts  are  used  30 
ins.  long,  with  flat  heads  2  ins.  square,  the  whole  protected  by  an  iron 
cylinder  20  ins.  long  and  6  ins.  diameter,  covered  with  a  heavy  cast 
cover.  The  same  city  uses  in  addition  hard  limestone  monuments  6 
ins.  square,  36  ins.  long,  on  4- ft.  ranges.  The  city  of  Albany,  N.  Y., 
has  a  system  of  iron  monuments  with  many  good  i)oints.  A  detailed 
description  of  it  given  by  the  City  Engineer,  Horace  Andrews,  M.  Am. 
Soc.  C.  E. ,  states  that  they  use  a  5-ft.  length  of  double-hubbed,  extra 
heavy  3-in.  soil  pipe  of  tarred  cast  iron,  Aveighing  about  50  lbs.  Into 
one  of  the  hubs  a  brass  cajj,  about  3  ins.  in  diameter  and  1^  ins.  thick,  is 
leaded,  having  ui^on  it  the  inscription,  "Albany  City  Monument." 
This  cap  weighs  about  2  lbs. ,  and  in  its  center  a  small  hole  is  drilled, 
to  mark  the  line. 

Third. — Another  kind  of  monument  which  is  interesting  and  worth 
description  is  that  used  in  Salem,  Ore.  Each  monument  consists  of 
two  dressed  stones  set  vertically  one  above  the  other,  the  lower  one 
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being  5  ins.  square  and  10  ins.  long,  and  the  uj)per  5  ins.  square  and  24 
ins.  long.  One  quart  of  charcoal  is  placed  at  the  junction  of  the  t.wo 
stones  where  one  stands  upon  the  other.  Both  stones  are  marked  with 
a  cross  and  centered.  The  monuments  are  set  at  the  intersections  of 
the  center  lines  of  streets. 

Fourth. — The  number  of  different  bench  marks  used  is  large.  The 
regular  stone  or  iron  monuments  of  the  city,  water  tables  of  buildings, 
stone  foundations,  hydrants,  door  sills  of  buildings,  stone  copings, 
curbing,  fire  plugs,  square-headed  bolts  in  the  roots  of  trees,  etc. 

Fifth. — The  different  data  used  are  almost  as  numerous.  Of 
course,  the  majority  of  them  are  purely  arbitrary.  Sea  level  is  often 
used,  and  cities  on  the  lakes  use  high-water  level  of  the  lakes;  and  others 
use  the  water  level  of  such  river  as  they  may  be  situated  upon.  The 
datum  at  Cleveland,  O. ,  was  established  in  1854  as  a  mark  on  the  Gov- 
ernment pier  2  ft.  above  the  then  surface  of  the  water  in  Lake  Erie; 
the  City  Engineer  gives  the  information  that  the  surface  of  the  lake  is 
now  about  2^  ft.  lower  on  the  average  than  at  that  time.  Of  course, 
this  change  of  water  level  is  foreign  to  the  subject  of  this  article,  yet 
reference  to  it  is  of  interest.  Some  cities  use  railroad  data  taken 
from  the  railroads  passing  through  them.  The  city  of  Topeka,  Ean., 
uses  a  datum  established  arbitrarily  and  perpetuated  by  ordinance, 
which  is,  unfortunately,  so  taken  that  it  is  above  some  of  the  lower 
portions  of  the  city,  and,  therefore,  in  grade  calculations  it  becomes 
necessary  to  use  plus  and  minus  qiiantities. 

Sixth. — In  concluding  the  descriijtion  of  the  different  monuments 
it  may  be  added  that  it  is  surjjrising  to  find  the  number  of  cities  that 
have  no  system  of  ranges  at  all,  even  such  large  ones  as  St.  Louis,  Mo. ; 
Trenton,  N.  J. ;  Charleston,  S.  C. 

Turning  now  to  the  choice  of  the  best  system  of  monuments,  the 
writer  would  like  to  preface  it  with  mention  of  the  trouble  encountered 
in  his  own  town,  where  marble  monuments  from  18  ins.  to  2  ft.  long 
are  used.  As  a  result  of  the  gradual  changing  of  these  stones  the  align- 
ment and  levels  check  badly,  although  in  the  beginning  they  were 
supposed  to  have  been  set  with  extreme  care.  When  the  frost  is  leav- 
ing the  ground  in  the  spring  it  is  no  uncommon  thing  to  feel  the  stones 
yield  under  the  foot  if  stepped  upon,  and  the  writer  thinks  there  is  a 
possibility  at  this  season, when  the  stones  have  risen  with  the  frost,  that 
if  a  heavy  rain  should  come,  the  water,  by  following  down  their  sides, 
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miglit  wash  in  the  sand  or  earth  under  them  and  hence  prevent  their 
return  to  the  original  level.  Whether  thei-e  is  really  any  snch  resiilt 
following  the  rising  of  the  stones  in  the  spring  he  is  not  prepared  to 
say,  although  as  above  mentioned  the  checking  of  the  levels  with  what 
they  are  assumed,  to  have  been  originally,  is  generally  unsatisfactory. 
As  far  as  the  lines  given  by  the  stones  are  concerned,  it  is  the  writer's 
experience  that  in  the  sjsring  and  after  heavy  rains  many  of  the  stones 
are  quite  loose,  and  that  a  moderate  blow  will  displace  them  laterally 
J  or  i^  in.,  which  new  position  they  may  thereafter  retain. 

After  careful  consideration  the  writer  has  formed  the  opinion  that 
the  two  systems  of  monuments  hereafter  described  are  the  best  of  their 
respective  kinds,  the  advantages  of  one  being  offset  by  the  smaller 
cost  of  the  other. 

(rt)  Marble  stones  set  on  5-ft.  range  of  either  side  line  of  streets, 
dressed  5  ins.  square  on  top,  and  dressed  down  square  for  the  upper  6 
ins.  of  the  stone;  below  this,  roughly  shaj)ed  out,  flaring  or  tapering 
outwardly  to  a  section  10  ins.  square  at  the  bottom,  the  whole  stone  to 
be  not  less  than  3  ft.  in  length;  hole  drilled  in  top  to  mark  the  range 
line  and  upi^er  surface  (to  be  used  as  level  bench)  set  just  below  the 
sidewalk,  so  that  a  loose  brick  or  tile  may  be  used  to  cover  and  protect 
it.  A  stone  of  this  description,  owing  to  its  weight,  depth  below  frost 
and  the  wedging  effect  of  the  earth  uijon  its  inclined  sides,  would  be 
immovable  and  in  every  way  fill  the  requirements  of  a  perfect  monu- 
ment. 

(b)  Iron  monuments  set  on  5-ft.  I'ange  lines,  a  modification  of  the 
system  used  in  Albany,  N.  Y. ,  consisting  each  of  a  4-ft.  length  of  extra 
heavy,  double-hubbed,  tarred,  cast-iron  pipe,  4  ins.  in  diameter,  with 
appropriately  lettered  brass  cap  leaded  into  the  top,  having  a  hole 
drilled  in  it  to  mark  the  range  line;  the  monument  to  be  so  set  that 
this  cap,  serving  as  a  level  bench,  is  just  below  the  jDavement  and 
protected  by  a  loose  brick  or  tile. 

Coming  now  to  the  expense  side  of  the  question,  the  iron  monument 
has  greatly  the  advantage,  costing  only  $2  or  $2  25  each,  as  comj^ared 
with  more  than  double  these  figures  for  the  marble,  even  though  in  the 
latter  the  cheapest  grade  of  stone  be  used  (Sutherland  Falls,  ^1  70 
per  cubic  foot  in  Philadelphia).  It  may  be  added  here  that  this 
Sutherland  Falls  marble  is  really  better  for  range  stones  than  the  finer 
grades,  for  though  it  has  not  the  whiteness  and  clearness  of  the  cost- 
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the  spring-jack,  and  returns  to  tlie  subscriber.  Tlie  electrical  impulse 
produced  by  turning  the  crank  of  the  subscriber's  magneto  passes 
through  the  spring-jack,  thence  to  the  annunciator,  allowing  the  shutter " 
to  fall  and  disclosing  the  approjariate  number.  Upon  noticing  the  fall- 
ing annunciator  shutter,  the  oj^erator  lifts  one  of  the  plugs  attached 
to  the  flexible  cords  in  front  of  her,  and  jjlaces  it  in  the  spring- jack 
bearing  the  number  corresponding  to  that  disclosed  by  the  annun- 
ciator. At  the  same  time  she  j)resses  the  table  key,  thus  connecting 
her  telephone  with  the  subscriber's  line.  Examining  the  diagram  in 
Fig.  1,  it  will  be  seen  that  the  introduction  of  the  plug  in  the  spring- 
jack  lifts  the  sj)rings  of  the  jack  in  such  a  manner  as  to  disconnect 
the  annunciator  and,  at  the  same  time,  connect  the  ojierator's  talking 
set  from  the  table  key  with  the  subscriber's  line.  "When  the  order  is 
received,  the  operator  lifts  the  companion  plug  of  the  one  first  in- 
serted, placing  it  in  the  spring-jack  of  the  subscriber  with  whom  con- 
versation is  desired;  simultaneously,  she  presses  the  ringing  key,  thus 
sending  an  impulse  through  the  line  of  the  called  subscriber,  causing 
his  magneto  to  sound.  As  soon  as  the  called  subscriber  answers,  the 
operator  releases  the  table  keys,  thus  cutting  her  telejihone  out  of  cir- 
cuit and  x^laoing  the  two  subscribers  in  private  talking  relations.  In 
the  diagram,  it  will  also  be  noticed  that  a  ring-off  indicator,  or 
"clearing-out  droji,"  as  it  is  usually  called,  is  placed  as  a  shiint  across 
the  pair  of  cords  connecting  the  two  subscribers.  As  this  indicator  is 
wound  to  have  a  large  imjjedance,  it  but  very  slightly  shunts  the 
rapidly  alternating  telephonic  waves,  but  is  readily  sensitive  to  the 
slower  alternations  of  the  magneto  current.  Thus,  at  the  close  of  con- 
versation, a  turn  or  two  of  the  subscriber's  magneto  is  sufiicient  to 
throw  the  clearing-out  drop,  indicating  to  the  operator  that  conversa- 
tion is  terminated  and  advising  her  of  the  necessity  of  the  withdrawal 
of  the  cords  and  plugs.  A  circuit  of  this  kind  is  in  use  only  in  the 
smaller  exchanges,  where  each  subscriber's  line  is  supplied  only  with 
a  single  spring-jack  and  is  readily  in  sight  of  the  operators;  the  mere 
presence  of  the  plug  in  the  spring-jack  serving  to  indicate  that  the 
line  is  engaged  and  debarring  the  operator  from  interrupting  a  conver- 
sation already  in  progress  by  the  attemi3t  to  connect  either  of  the  talk- 
ing subscribers  with  any  other  party  that  may  desire  connection  with 
them. 

Experience  has  shown  that  a  single  operator  can  rarely  attend  to 
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more  than  100  subscribers,  and  in  tlie  more  busy  exchanges  from  50  to 
60  is  usually  all  that  can  be  adequately  served.  Thus,  in  large 
exchanges  the  projiortions  of  the  switchboard  would  soon  place  a 
large  number  of  the  subscribers  oiit  of  sight  and  out  of  reach  of 
many  of  the  operators  working  a  switchboard  constructed  upon  the 
lines  indicated.  It  is,  then,  customary  to  have  recourse  to  the  mul- 
tiple switchboard,  in  which  the  line  of  each  subscriber,  instead  of 
being  extended  to  a  single  spring-jack,  is  placed  in  series  through  a 
number  of  jacks  so  arranged  that  each  operator  has  access  to  a  jack 
connected  to  the  line  of  every  subscriber.  The  outline  of  such  a 
circuit  is  indicated  in  Fig.  2,   showing  the  location  of  a  number  of 
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operators — D,  E,  F  and  G — in  front  of  each  of  which  a  single  line  is 
multipled  by  passing  through  an  equal  number  of  spring-jacks  set  in 
series  with  each  other.  By  such  an  arrangement,  it  is  evident  that  any 
operator  may  readily  i*each  all  of  the  subscribers  in  the  exchange. 
This  method,  however,  requires  additional  apparatus  in  the  cii-cuit,  to 
jirovide  the  operator  with  a  means  of  ascertaining  whether  a  line  is 
engaged  or  not.  This  is  accomplished  by  means  of  the  "busy  test" 
method,  which  consists  in  providing  a  local  battery  in  every  cord  cir- 
cuit. This  cord  circuit  is  shown  in  Fig.  3.  Here  it  will  be  noticed  that 
the  sleeve  of  the  plug  is  connected  to  the  earth  through  a  resistance 
coil  and  a  small  battery.  When  the  plug  is  inserted  in  the  spring-jack 
(see  Fig.  2)  the  battery  is  placed  in  electrical  contact  with  the  jack  ring. 
It  will  also  be  seen  that  the  center  of  the  operator's  telephone  is  con- 
nected to   ground,   and  the  operators  are  instructed  to  touch,  with 
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the  tip  of  the  plug,  the  ring  of  the  subscriber's  jack  with  which  con- 
nection is  desired.  By  tracing  the  circuits,  it  is  apparent  that  the 
insertion  of  the  plug  places  battery  upon  the  rings  of  all  the  jacks 
on  each  line  which  is  engaged  in  talking,  and,  by  touching  any  ring 
with  the  tip  of  the  plug,  the  operator,  if  the  line  is  engaged,  will  hear 
a  sharji  click  in  her  telephone,  thus  notifying  her  of  the  fact  that  the 
line  in  question  is  under  conversation. 


Fig.  3. 

The  shape  of  the  load  line  in  any  exchange  is  evidently  governed 
partly  by  the  speed  and  facility  with  which  the  operators  are  enabled 
to  perform  the  various  evolutions  described  as  necessary  to  make  con- 
nections between  subscribers,  and  partly  by  the  nature  of  the  business 
done  by  the  exchange.  The  work  done  by  the  ojDcrator  thus  becomes 
an  important  governing  factor  in  the  load  line. 
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Fig.  4  is  a  diagram  representing  the  time  occupied  by  the  operator 
in  performing  the  various  functions  necessary  to  complete  a  connec- 
tion. These  results  are  derived  from  investigations  made  upon  the 
Cortlandt  Street  office  of  the  New  York  exchangee. 
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The  axis  of  X  in  the  diagram  is  taken  to  represent  intervals  of 
time.  The  fall  of  the  drop  is  assumed  at  zero  time.  A  little  over  two 
seconds  are  occupied  by  the  operator  in  inserting  the  answering  plug. 
Six  seconds  are  consumed  in  obtaining  the  subscriber's  order  and  m 
testing  the  desired  line  to  ascertain  whether  it  is  engaged  or  not. 
About  23  seconds  are  exhausted  in  obtaining  an  answer  from  the  called 
subscriber,  while  about  five  seconds  more  are  expended  in  seeing  that 
the  connection  between  the  two  subscribers  is  fully  completed,  and 
that  conversation  has  been  initiated. 

About  97  seconds  seems  to  be  the  average  of  most  conversations 
and  about  10  seconds  more  suffice  to  receive  the  clearing-out  signal 
and  disconnect  the  parties,  leaving  the  lines  ready  for  another  call. 
Such  is,  diagrammatically,  the  history  of  the  ojierations  and  time  ex- 
jiended  in  completing  the  average  local  conversation  between  two  sub- 
scribers extending  into  a  single  office. 

The  business  of  the  exchange  is  still  further  complicated  by  the 
frequent  necessity  of  trunking  calls  between  outlying  offices,  for,  as 
already  indicated,  the  growth  of  the  exchange  soon  leads  to  the  estab- 
lishment of  a  number  of  branch  offices  connected  between  themselves 
and  to  the  original  center  by  means  of  trunk  cables.  When  a  message 
proceeds  through  two  offices,  it  must  of  necessity  pass  through  the 
hands  of  two  operators  and  through  two  switchboards.     To  accomjilish 
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the  business  thus  transferred,  it  is  customary  to  locate  in  front  of 
«very  operator  a  certain  number  of  trunk  lines  extending  to  all  the 
other  offices  in  the  exchange.  At  the  receiving  end  the  trunks  from 
the  through  offices  are  brought  to  special  sections  of  the  switchboard 
devoted  to  trunking  business  alone.  In  the  trunking  sections  no  sub- 
scriber's drops  are  placed,  the  attention  of  the  incoming  trunk  opera- 
tors being  devoted  entirely  to  receiving  connections  over  the  trunk 
lines  and  completing  them  on  the  multiple  located  in  front  of  them. 
In  Fig.  4  the  dotted  line  illustrates  the  time  consumed  in  calls  which 
are  trunked  between  offices.  Thus,  starting  from  the  origin,  a  little 
little  longer  time  is  consumed  in  inserting  the  test  plug,  for  the  reason 
that  the  operation  of  testing  trunk  lines  is  rather  slower  than  that 
occupied  in  subscriber's  lines,  as  it  usually  happens  that  several  of 
the  trunks  are  engaged  and  a  number  of  lines  have  to  be  tested  in  order 
to  find  one  which  is  free. 

In  the  local  connection  the  party  called  for  answers  in  about  33 
seconds,  while  in  the  trunk  connection  some  85  seconds  are  consumed 
in  passing  through  the  second  office  and  in  obtaining  an  answer  from 
the  party  called  for.  For  this  curve,  also,  it  would  appear  that  trunk 
conversations  last  a  little  longer  than  ordinary  local  calls.  The 
operation  of  disconnecting,  however,  seems  to  be  performed  with 
equal  rapidity. 

To  determine  the  load  line,  it  is  now  customary  in  nearly  all  the 
larger  American  exchanges  to  inake  frequent  tests  of  the  amount  of 
business.  To  this  end,  recourse  is  had  to  what  is  termed  "operator's 
peg  count."  In  front  of  each  operator  is  placed  a  panel  containing 
the  subscribers'  spring-jacks,  each  one  bearing  an  appropriate  number. 
The  operator  is  sujjplied  with  a  wooden  peg,  which  at  the  commence- 
ment of  the  count  she  inserts  in  jack  0.  As  fast  as  calls  are  received 
she  moves  the  wooden  peg  from  hole  to  hole,  counting  calls  something 
after  the  fashion  of  a  cribbage  board.  At  the  end  of  each  hour,  the 
superintendents  in  the  operating-room  note  the  position  of  the  peg, 
thus  determining  the  number  of  calls  which  have  been  received  by 
the  individual  operators.  At  the  end  of  the  day,  the  sheets  bearing 
the  facts  thus  obtained  are  tabulated  and  the  results  plotted  in  a  con- 
venient form  for  inspection. 

Plate  XI  is  a  chart  of  the  business  transacted  in  a  week  by  the  main 
office  of  the  Chicago  Telephone  Company.     At   the   time  this   count 
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was  made,  this  office  embraced  about  5  000  subscribers,  while  the 
entire  exchange  numbered  some  10  offices,  including  about  10  000 
subscribers. 

In  the  diagram,  the  vertical  axis  indicates  the  number  of  calls, 
made,  while  the  horizontal  axis  is  divided  into  hours  throughout  the 
whole  week.  The  diagram  commences  at  midnight  on  Sunday  and 
extends  to  midnight  on  the  succeeding  Saturday.  The  full  lines  in  the 
diagram  indicate  the  subscribers'  calls  which  are  made  and  completed 
in  the  office  under  consideration.  The  fine  dotted  line  indicates  the 
incoming  trunk  line  calls,  namely,  those  calls  which  originate  in 
subscribers  located  in  external  offices,  and  which  are  trunked  into  the 
main  office,  while  the  broken  dotted  line  indicates  the  outgoing  trunk 
calls,  that  is  to  say,  those  calls  which  are  received  by  subscribers 
in  the  main  office  and  which  are  not  completed  there,  but  are  trunked 
to  subscribers  located  in  some  of  the  outlying  offices.  From  midnight 
to  7  o'clock  on  Sunday  morning,  little  business  was  done  by  the  ex- 
change, the  number  of  calls  in  any  one  hour  barely  reaching  100. 
From  7  to  10,  the  business  steadily  increased,  reaching  at  10  o'clock  a 
maximum  of  about  350  calls  per  hour.  Another  maximum  occurs 
between  12  and  1,  reaching  about  375  calls.  From  this  point  the  busi- 
ness steadily  decreases,  reaching  a  minimum  between  2  and  3  on  Mon- 
day morning.  From  3  o'clock  to  about  7,  there  is  a  slight  increase. 
At  7  o'clock  the  business  of  the  day  begins,  the  number  of  calls  rising 
rapidly  from  200  per  hour  at  7  o'clock  to  a  maximum  of  6  920  calls  an 
hour  at  about  10.15.  From  10.15  to  12.30,  the  business  decreases, 
being  reduced  to  4  150  calls  per  hour  during  lunch  time.  From  12.30 
to  2. 15,  the  business  again  increases,  reaching  a  second  maximum  of 
5  950  calls.  From  this  point  a  rapid  decrease  is  observed,  to  the  rate 
of  about  500  calls  an  hour  between  7  and  8  o'clock  in  the  evening. 
The  curve  at  this  point  turns  and  slowly  decreases  again  until  about 
midnight. 

Between  2  and  3  o'clock,  a  slight  increase  is  observed,  due  to  news- 
paper business,  while  the  minimum  of  the  entire  24  hours  is  reached 
at  4  A.  M. ,  at  a  rate  of  about  50  calls  an  hour.  Comparing  the  business 
of  the  successive  days  in  the  week,  it  will  be  observed  that  rather  more 
business  is  done  on  Monday  than  any  of  the  succeeding  days,  with  the 
exception  of  Saturday.  During  Tuesday,  Wednesday  and  Thursday, 
the  business  decreases,  reaching  a  minimum  on  Thursday.    On  Friday, 
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a  slight  increase  is  observed,  while  on  Saturday  the  effect  of  the  sum- 
mer half  holiday  is  i)lainly  marked.  Here,  it  is  evident  that  an  effort 
has  been  made  to  transact  the  entire  business  of  the  day  in  the  fore- 
noon, the  maximum  being  reached  at  11  a.m.,  with  a  rate  of  about  7  650 
calls  an  hour.  From  11  a.m.,  the  biisiness  drops  sharply,  there  being 
no  indication  of  any  noon  hour,  but  the  holiday  effect  is  also  notice- 
able in  the  increased  number  of  calls  which  are  made  during  the  even- 
ing hours,  from  6  to  9  o'clock.  While  the  chart  thus  given  may  be 
considered  a  typical  representation  of  a  week's  business,  it  is  necessary 
to  take  carefully  into  account  the  modifying  effects  of  the  general 
state  of  business  in  the  city,  the  effect  of  any  unusual  occurrence,  such 
as  holidays,  large  fires,  railway  accidents,  or  other  contingencies,  and, 
particularly,  the  state  of  the  weather.  Thus,  during  the  summer  time, 
especially  in  the  midsummer  months,  the  business  of  the  exchange  is 
liable  to  fall  off,  owing  to  general  slackness  from  vacation  time,  and 
also  due  to  fine  weather  making  pedestrianism  attractive.  Conversely, 
in  the  winter  time,  when  business  is  more  brisk,  or  when  stormy 
weather  is  condiicive  to  office  confinement,  the  business  of  the  exchange 
may  rise  enormously. 

A  study  of  the  load  line,  however,  is  more  particularly  advantag- 
eous in  adjusting  the  operating  force  to  the  business  of  the  exchange  in 
a  way  to  make  the  quantity  and  quality  of  the  service  a  maximum  with 
a  minimum  of  operating  expense. 

In  Plate  XII  some  curves  are  given  of  the  main  office  in  the 
Chicago  exchange,  together  with  five  of  the  outlying  offices.  These 
curves  were  plotted  from  results  obtained  in  July,  1893.  The  arrange- 
ment of  the  curve  is  a  little  different  from  that  of  the  preceding 
diagram,  that  is  to  say,  connections  which  originate  and  are  com- 
pleted in  the  same  office  are  jDlotted  in  full  in  heavy  line  on  the  right- 
hand  side  of  the  diagram,  while  the  incoming  trunk  calls  are  indicated 
in  a  similar  manner  by  a  heavy  line  on  the  left-hand  side  of  the  dia- 
gram. In  the  diagram  on  the  right,  out-going  trunk  calls  are  indicated 
by  the  broken  dotted  line,  while  on  both  curves  the  number  of  oper- 
ators required  to  transact  the  business  given  by  the  full  curve  is  in- 
dicated by  the  fine  dotted  line.  There  seems  hardly  to  be  such  a 
parallelism  between  these  two  lines  as  the  most  efficient  service  would 
indicate.  However,  in  adjusting  the  number  of  operators  to  the  busi- 
ness transacted,  it  must  be  recollected  that  it  is  impossible  to  decrease 
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the  operating  force  precisely  in  accordance  with  the  service  demands. 
The  operator  is  necessarily  a  unit,  and  one  of  considerable  magnitude, 
particularly  when  considered  in  proportion  to  a  single  call.  Thus,  to 
serve  half  a  dozen  subscribers  will  require  one  operator,  while  100 
could  be  served  with  equal  facility.  As  it  is  impossible  to  subdivide  the 
individual  operator  in  proportion  to  the  business  to  be  transacted, 
there  occurs  a  great  discrepancy  between  the  force  line  and  the  load 
line  in  certain  parts  of  the  diagram. 

At  night  time,  for  example,  the  number  of  ojjerators  rises  far  above 
the  actual  force  which  could  transact  the  business.  It  is  essential  to 
watch  the  entire  switchboard,  as  an  occasional  call  may  come  in  upon 
any  section,  and,  as  the  switchboard  in  the  office  under  consideration 
is  nearly  200  ft.  in  length,  quite  a  large  operating  force  is  required, 
simply  for  supervision,  irrespective  of  the  number  of  calls  to  be  an- 
swered. It  is  also  impracticable  to  change  the  working  hours  of  the 
force  in  a  manner  to  coincide  exactly  with  the  variations  in  the  business. 
While  this  can  be  done  to  some  extent,  it  will  cause  only  a  partial 
agreement  between  the  force  line  and  load  line.  As  an  example,  how- 
ever, of  what  has  been  done  in  this  direction,  as  developed  by  a  study 
of  exchange  load  lines,  refer  to  Plate  XIII. 

In  Plate  XIII  6  900  calls  were  handled  with  82  operators. 
In  Plate  XIII  8  450  calls  were  handled  with  a  maximum  force  at 
any  time  of  72  o^jerators,  while  the  whole  force  line  indicates  a  number 
in  closer  agreement  with  the  load  line. 

A  similar  change  may  be  seen,  by  comparing  the  load  and  force 
diagrams  of  the  Harrison  office,  Oakland  office,  South  office  and  West 
office  Taking  the  whole  exchange  in  the  time  intervening  between 
the  two  peg  counts,  which  are  here  charted,  the  business  increased 
about  8%,  upwards  of  1  000  000  additional  messages  a  month,  while 
the  oi^erating  force  was  decreased  some  18/o,  with  marked  improve- 
ment in  the  quality  of  the  service  attained. 

It  is  also  curious  to  note  the  effect  on  the  load  line  of  the  kind  of 
district  in  which  the  exchange  is  located.  Thus,  in  the  load  line  for 
Harrison  office,  it  will  be  noticed  that  almost  no  business  is  done  after 
8  o'clock  p.  M.,  while  in  South  office,  between  7  and  8  p.  m.,  a  maximum 
occurs  of  nearly  600  calls  an  hour.  This  is  explainable  when  it  is 
considered  that  the  Harrison  office  is  located  in  a  district  which  is  exclu- 
sively a  large  business  district,  the  offices  of  which  uniformly  close 
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between  5  and  6  p.  m.  ,  while  in  the  case  of  South  office,  the  district  is 
to  a  great  extent  a  residence  one,  and  the  maximum  indicated  between 
7  and  8  o'clock  is  caused  by  the  formation  of  evening  appointments. 

In  a  like  manner  the  study  of  such  load  lines  forms  an  exceed- 
ingly vahiable  source  of  information  in  the  location  of  branch 
exchanges  and  the  distribution  of  subscribers'  lines.  The  trunking 
of  calls  between  branch  offices  has  already  been  alluded  to.  It  is  quite 
evident  that  the  establishment  of  branch  exchanges  increases  the  cost 
of  operating,  as  it  requires  the  expense  of  additional  bixildings, 
additional  supervision  and  a  general  increase  in  the  non-productive 
portion  of  operating  expenses.  Where,  by  means  of  a  branch  exchange 
the  capital  invested  in  the  subscribers'  lines  may  be  decreased  by 
shortening  those  lines,  resulting  in  such  a  saving  as  to  warrant  the 
increase  in  operating  expenses,  a  branch  exchange  becomes  profitable. 
On  the  contrary,  if  the  business  in  the  district  covered  by  the  branch 
exchange  is  of  such  a  nature  as  must  necessarily  come  to  the  main 
office,  the  establishment  of  a  branch  exchange  must  be  supplemented 
by  such  a  large  number  of  trunk  lines  as  practically  to  extend  the 
line  of  each  subscriber  into  the  main  office.  Thus,  under  such  circum- 
stances, the  establishment  of  a  branch  exchange  becomes  an  impedi- 
ment rather  than  an  assistance,  as  the  speed  of  the  service  is  reduced, 
greater  expense  is  incurred,  and  no  partictilar  saving  can  be  made  in 
the  capital  expended.  For  examj^le,  in  the  Harrison  office,  in  both  of 
the  diagrams  here  given,  it  will  be  seen  that  the  outgoing  trunk  calls 
amount  to  a  very  large  proportion  of  the  entire  business  of  the  office; 
actually  in  -some  cases,  instances  rising  to  from  85  to  95%  of  the 
entire  business  of  the  office.  A  careful  analysis  of  the  business  done 
by  the  Harrison  office  indicates  that  such  a  large  proportion  of  the  work 
was  trunked  through  to  the  main  office  as  to  make  the  establish- 
ment of  the  Harrison  office,  viewed  simply  from  the  standpoint  of 
operating  expense,  not  fully  justified.  By  a  careful  re-arrangement 
of  the  subscribers  in  the  Harrison  office,  this  proportion  of  trunk- 
ing has  been  very  largely  modified,  so  that  at  the  present  time  not  over 
60  to  70%  of  the  business  done  by  the  Harrison  office  is  trunked  out  of  it. 
As  a  comparison,  refer  to  the  curves  of  the  main  office,  in  which  it  is 
seen  that  of  the  total  business  originating  in  the  main  office,  only  about 
30%  is  trunked  out  of  it. 

Such  are  some  of  the  more  salient  deductions  to  be  drawn  from  a 
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study  of  telepJionic  load  lines.  The  improvement  in  service  wliicli  has 
resulted  to  the  Chicago  company  during  the  past  six  months  from 
investigations  of  this  description,  has  been  so  marked  that  a  regular 
system  of  jseg  counting  now  forms  one  of  the  features  of  the  operative 
service  of  the  comi^any,  regular  counts  being  made  on  the  tenth  of  each 
month.  A  special  count  takes  place  whenever  circumstances  of  so 
peculiar  a  nature  arise  as  to  seem  worthy  of  investigation. 

Exchanges  in  Xew  York  and  Boston  are  following  a  similar  course, 
deriving  like  advantages  from  the  information  thus  obtained,  and 
by  means  of  an  interchange  of  curves  between  the  different  exchanges 
the  amount  of  valuable  information  obtained  is  largely  augmented. 
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NOTES  UPON  TESTING  BUILDING  STONES. 


By  F.  Lynwood  Gakeison,  Assoc.  M.  Am.  Soc.  C.  E. 

EeAD  at  THE  AN>rUAL  CONVENTION,  JuNE,  1894. 


WITH  DISCUSSION. 

Probably  no  one  who  has  given  the  subject  of  testing  building  stones 
careful  consideration  is  willing  to  admit  that  the  methods  now  in 
vogue  for  determining  the  strength  of  structural  material  of  this  char- 
acter are  satisfactory  or  entirely  reliable.  This  condition  is  probably 
due,  as  an  eminent  authority  remarks,  "  to  a  lack  of  knowledge  of  the 
methods  by  which  such  tests  can  be  made,  and  to  a  lack  of  apprecia- 
tion of  the  necessity  of  such  tests."  *  The  old  idea  that  one  stone  is 
as  good  as  another  as  regards  durability  and  strength  cannot  be  too 
strongly  condemned,  since  all  stones  or  rocks  are  compound  bodies, 
often  exceedingly  complex,  composed  of  aggregations  of  various  min- 
eral substances  whose  individual  nature  and  their  respective  influence 
upon  one  another  should  be  understood  as  far  as  is  possible,  to  arrive 
at  a  proper  appreciation  of  the  whole.  This  necessitates  at  least  an 
elementary  knowledge  of  mineralogy,  geology  and  lithology,  the  study 
of  which  has  unfortunately  not  been  included  in  the  training  of  most 
civil  engineers  and  architects. 

*  Merrill.    "  Stones  for  Building  and  Decoration,"  p.  384. 
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In  this  connection  the  writer  cannot  do  better  than  to  quote  the 
words  of  Dr.  Alexis  A.  Julian  in  Vol.  X  of  the  Tenth  Census  of  the 
United  States.*  "  Hardly  any  department  of  technical  science  is  so 
much  neglected  as  that  which  embraces  the  study  of  the  nattire  of 
stone,  and  all  the  varied  resources  of  lithology  in  chemical,  micro- 
scopical and  physical  methods  of  investigation,  wonderfully  developed 
within  the  last  quarter  century,  have  never  yet  been  properly  applied 
to  the  selection  and  protection  of  stone  for  building  purposes."  Al- 
though this  was  written  a  number  of  years  ago,  it  is  extremely  doubtful 
if  much  improvement  or  progress  has  been  made  since,  and  engineers 
in  general  probably  know  little,  if  anything,  more  of  the  proiserties 
and  peculiarities  of  the  wonderful  varieties  of  structural  material  so- 
bountifully  provided  by  Nature. 

In  presenting  these  notes  for  publication  it  is  not  the  writer's 
desire  to  set  up  any  system  of  testing  biiilding  stone  or  to  jiresent  any- 
new  scheme  of  his  own,  for,  with  possibly  one  exception,  none  of  the 
methods  or  tests  mentioned  herein  are  in  the  least  degree  new  or 
original.  The  sole  aim  of  this  paper  is  to  emphasize  the  necessity  and 
desirability  of  iising,  develoj)ing  and  improving  the  systems  already 
established.  A  few  years  ago  when  attention  Avas  called  to  the  utility 
of  the  microscope  in  the  metallurgical  investigations  of  iron  and  steel, 
many  competent  metallurgists  doubted  its  practical  value  ;  now,  how- 
ever, metallurgical  literature  teems  with  valuable  papers  upon  the 
subject,  and  the  practical  value  of  the  microscope  in  this  branch  of 
technical  science  has  been  fully  established. 

In  the  writer's  opinion  the  practical  value  of  microscopical  exam- 
ination of  stone  is  much  greater  than  that  of  ordinary  metallurgical 
productions.  In  the  one  case  we  have  a  natural  production  about 
which  we  can  know  nothing  without  an  investigation.  In  the  other 
case  we  have  an  artificial  material  made  for  a  distinct  and  definite  pur- 
pose, to  effect  which  we  must  needs  know  more  or  less  of  the  character- 
istics and  relative  reactions  of  the  individual  elements  constituting  the 
desired  compound. 

The  tests  ordinarily  applied  to  building  stone,  to  determine  its 
physical  jjroperties,  although  few  in  number,  are  in  some  instances 
rather  complicated  and  often  unreliable.  The  first  and  most  essential 
is  to  determine  the  structure  and  character  of  a  stone,  to  know  whether  it. 

*  "  Report  on  the  Quarry  Industry,"  p.  364. 
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be  a  granite,  syenite,  sandstone,  quartzite  or  something  else.  Altlioiigh. 
an  expert  can  usually  determine  at  a  glance  to  which,  if  any,  of  these 
groups  a  particular  stone  belongs,  it  is  frequently  possible  to  deter- 
mine the  precise  lithological  character  only  by  a  microscopical  exam- 
ination. Thus,  for  instance,  there  is  a  class  of  Cambrian  rocks  com- 
monly called  sandstones  (Potsdam  ?)  that  are  not  sandstones  at  all, 
but  are  hard,  comj^act  rocks  known  as  quartzites,  which  have  been 
derived  from  sandstones  by  metamorphic  action.  The  essential  differ- 
ence between  a  sandstone  and  a  quartzite  lies  in  the  presence  of  sec- 
ondary silica  between  the  quartz  granules  comprising  the  latter  ;  the 
presence  of  this  secondary  silica  or  quartz  can  be  determined  for  a 
certainty  only  by  microscopical  means.  The  microscope  is  not  only 
useful  in  determining  the  structure  of  a  stone,  but  it  has  an  even 
greater  practical  value  in  making  it  i^ossible  to  detect  the  presence  of 
deleterious  substances  such  as  pyrite,  and  marcasite  (iron  sulphides) 
or  other  minerals  whose  chemical  composition  is  aflfected  by  atmos- 
l^heric  agencies  and  thus  exert  a  deleterious  effect  upon  the  stone. 
The  application  of  the  microscoj)e  to  this,  as  to  every  other  jnirpose, 
requires  some  skill  and  training,  Avhich  may,  however,  be  readily  ac- 
quired by  anyone  to  whom  the  subject  is  of  sufficient  interest,  micro- 
lithology  being  thoroughly  treated  in  standard  works  available 
to  all. 

Strength. — The  character  of  a  stone  being  established,  it  is  usually 
desirable  to  determine  its  strength  as  a  resistant  to  crushing,  shearing 
and  bending  strains.  Ordinarily  the  first  is  considered  sufficient,  but 
the  determination  of  the  second  and  at  times  the  third  is  often  more 
essential. 

Form  of  Specimens. — In  determining  the  compression  strength  of  a 
stone,  cubical  specimens  are  usually  prepared  varying  in  size  from  1 
in.  to  5ins. ;  the  dimensions  of  the  cubes  ai"e  important  factors,  since  it 
has  been  found  that  the  resistance  increases  in  the  ratio  of  the  cube 
roots  of  the  sides  of  the  respective  cubes  expressed  in  inches.*  More 
generally  and  with  greater  simplicity  this  law  may  be  expressed  thus: 
The  strength  of  geometrically  similar  test  pieces  varies  as  the  square 
of  homologous  sides,  f  Consequently  a  stone  will  develop  its  maximum 
resistance  in  the  largest  cubes. 

*  Gillmore.  '■  Notes  on  the  Compressive  Resistance  of  Freestone,  Cements,  etc.,"  pi>. 
20-29. 

t  Unwiu.    •'  The  Testing  of  Materials  of  Constrnction,"  p.  422.    London,  1888. 
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Too  mucli  trouble  cannot  be  taken  in  i^reparing  the  test  cubes,  the 
care  with  which  it  is  done  having  a  most  important  influence  upon  the 
result.  When  such  small  samples  are  dressed  by  hammer  and  chisel, 
they  become  filled  to  some  extent  with  minute  cracks,  the  number  of 
which  increases  inversely  with  the  size  of  the  cube.  If,  however,  the 
cube  has  been  carefully  sawn  and  ground  down  to  the  requisite  dimen- 
sions, this  weakness  is  avoided,  or  at  least  reduced  to  a  minimum. 

Cushions.  ^-The  faces  of  the  cube,  which  come  in  contact  with  the 
compression  plates  of  the  testing  machine,  should  be  perfectly  smooth 
and  even,  otherwise  they  must  be  provided  with  cushions  of  plaster  of 
paris  or  some  other  material,  which  will  avoid  the  superficial  irreg- 
ularities and  produce  a  uniform  bearing  upon  the  compression  plates. 
Baker  states  that  "  the  nature  of  the  material  in  contact  with  the  stone 
while  under  jDressure  is  a  matter  of  great  moment.  If  the  materials 
which  press  upon  the  top  and  bottom  of  the  specimens  are  soft  and 
yielding  and  press  out  sideways,  they  introduce  horizontal  forces, 
which  materially  diminish  the  apjDarent  crushing  strength  of  the 
stone.  If  the  jiressing  siirfaces  are  hard  and  unyielding,  the  resist- 
ance of  these  surfaces  adds  considerable  to  the  apparent  strength."  * 

While  these  remarks  would  seem  to  lay  undue  stress  upon  a  com- 
paratively unimportant  detail,  it  is,  however,  necessary  in  all  cases  to 
provide  a  uniform  bearing  between  the  compression  i^lates  and  the 
specimen.  Whenever  possible,  this  bearing  should  be  directly  upon 
the  specimen  itself.  The  faces  of  the  cube  must,  therefore,  be  per- 
fectly smooth  and  parallel,  and,  when  such  is  the  case,  irregularities  in 
the  results  cannot  be  attributed  to  an  imiJerfect  artificial  bed  or 
bearing. 

Bed  or  Natural  Position.  — Care  should  always  be  taken  to  determine 
whether  the  i^ressure  is  applied  upon  the  bed  of  the  stone  or  upon 
its  edge,  since  a  stone  will  always  develop  a  maximum  strength 
when  the  pressure  is  applied  in  a  line  i^erpendicular  to  its  natural 
position  or  "grain."  It  is  not  always  possible  to  determine  the  bed- 
ding of  a  rock  from  a  mere  insj^ection  of  a  number  of  samples.  In- 
deed, even  at  the  quarry,  in  some  instances,  it  may  puzzle  an  experienced 
geologist  to  determine  the  original  or  natural  horizontal  bed  of  the 
rock  if  it  be  of  a  sedimentary  origin,  or  a  metamorphic  rock,  and  when 
eruptive  it  may  be  quite  impossible,  although  most,  if  not  all,  eruptive 
♦"Treatise  on  Masonry  Construction."    I.  O.  Baker,  p.  6. 
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rocks  have  a  tendency  to  break  in  certain  directions  or  planes  in  wMcli 
the  cohesive  power  of  the  stone  is  weakest.  This  property  may  be 
considered  as  similar  to  the  cleavage  phenomenon  of  crystallized 
minerals,  and  for  practical  purposes  when  testing  a  stone  these  planes 
may  be  considered  as  the  bed.  This  cleavage  property  can  usually 
be  detected  in  massive  rocks,  such  as  some  of  the  granites,  by  ex- 
perienced quarrymen. 

In  many  metamorphic  rocks  the  bedding  is  made  very  distinct  by 
the  distribution  of  the  mica  in  such  a  manner  that  its  laminse  are 
arranged  in  definite  parallel  planes,  which  imjiart  a  stratified  appear- 
ance to  the  rock.  When  this  stratification  becomes  marked,  the  stone  is 
known  as  gneiss  ("stratified  granite  ").  With  sandstones,  and  probably 
also  with  quartzites,  the  proper  recognition  of  the  bed  or  grain  has 
another  point  of  practical  value,  since  such  stone  will  not  only  weather 
better  when  laid  upon  its  natural  bed,  because  all  sandstones  most 
readily  absorb  moisture  in  the  direction  of  their  grain  or  bed,  but  it 
will  withstand  a  greater  amount  of  heat  without  disintegrating.  This 
is  an  imijortant  fact  in  cities,  where  walls  are  apt  to  become  highly 
heated  in  fires. 


Fiu.    1. 


It  is  desirable  that  the  pressure  applied  by  the  testing  machine 
shall  continue  until  the  specimen  is  completely  crushed  into  smaller 
pieces.  The  character  of  these  fragments  should  be  noted,  as  it  has 
been  observed  that  in  the  stronger  stones  there  is  a  tendency,  when 
the  pressure  is  applied  upon  the  bed,  for  these  jiieces  to  develop  into 
jjyramidal  shapes  with  round  edges  (Fig.  1) ;  whereas,  in  weaker  samples 


92 


GARRISON    ON  TESTING   BUILDING   STONES. 


of  probably  the  same  stone,  or  if  the  jjressure  has  been  applied  on 
the  edge,  for  the  fragments  to  assume  an  angular  flaky  character 
(Fig.  2). 

Some  stones  will  not  assume  either  of  these  forms,  but  will  crush  or 
crumble  into  numerous  small  fragments  of  no  particular  shape. 

Shearing  Strength. — One  of  the  most  useful  tests  to  which  a  stone 
can  be  subjected  is  that  to  determine  its  resistance  to  shearing  strains. 
It  is,  moreover,  a  test  seldom  made,  and  a  description  of  the  method 
recently  adopted  by  the  writer  may  be  of  interest.  It  was  required  to 
determine  the  suitability  of  certain  stone  for  street  paving  purposes, 
and  while  the  determination  of  the  stone's  crushing  strength  was  very 
useful,  its  resistance  to  shearing  strains  was  deemed  a  factor  of  more 
practical  value. 

At  the  suggestion  of  Mr.  Tinius  Olsen,  of  Philadelphia,  the  well- 
known  builder  of  testing  machines,  the  writer  had  the  stone  test 
pieces  made  into  rectangular  blocks  or  slabs  1  in.  in  thickness,  2  ins. 
in  breadth  and  4  ins.  in  length.  In  making  the  tests,  each  stone  block 
was  securely  clamped  between  two  heavy  cast-iron  plates  made  especially 
for  the  purpose.  The  center  of  each  of  these  plates  was  provided 
with  a  rectangular  slot  1  in.  wide  by  2 J  ins.  long,  whose  sides  had 
been  carefully  machined  and  were  perfectly  smooth.  The  stone  test 
piece  was  placed  so  as  to  cover  the  slot  in  each  of  the  plates,  Avhich  were 
then  clamped  together  and  the  specimen  held  in  place  by  two  screw 
bolts  passing  through  the  iron  jalates.  In  this  way  both  ends  of  the 
specimen  were  supported;  then,  by  inserting  a  steel  block  or  punch 
into  the  slot  of  the  iij^per  plate  and  applying  the  pressure,  it  was  i')ossi- 
ble  to  shear  or  launch  out  a  section  of  the  specimen  2x1x1  ins.,  thus 
subjecting  the  stone  to  no  other  than  a  shearing  strain. 

The  results  of  four  tests  made  in  this  way  upon  hard  quartzite 
blocks  are  given  in  the  following  table : 


No.  1 I 

No.  2 I 

No.  3 I 

No.  * i 


Size,  width  and 
thickness. 


2.0271 
1  020) 
2.0321 

.994) 
1.9901 
l.ossf 
1.990) 

.930 


Area. 
Square  inches. 


2.067x2  =  4.134 
2.019  X  2  =  4.038 
2.065  X  2  =  4.130 
1.850x2  =  3.700 


Broke  at. 
Pounds. 


28  930 
9  600 

22  9S0 

23  530 


Strain  per  square 
inch.    Pounds. 


6  090 
2  370 

5  660 

6  360 
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A  number  of  tests  made  upon  cubes  of  the  same  material  is  given 
in  tlie  next  table.  In  this  case  the  shearing  tests  were  made  bv 
clamping  one-haif  of  the  block  between  the  bearing  blocks  of  the 
machine  and  then  applying  the  load  to  the  upper  face  of  the  project- 
ing half,  the  bottom  being  unsupi^orted,  until  it  was  shorn  off. 

A  bending  strain  is  undoubtedly  introduced  in  this  case,  and  the 
results  were  by  no  means  satisfactory,  as  a  comparison  of  the 
tables  will  show;  in  the  former  case  they  were  from  two  to  five  times 
higher. 

Shearing  Tests  of  2-in.  Quaktzite  Cubes. 


No.  of  speci- 
men. 

Size. 

Total  shear  in  pounds 

for    entire    section 

of  4  sq.  ins. 

Shear  per  square 
inch,  in  pounds. 

7871 

7  872 

7873 

7874 

2x2  ins.  =  4  sq.  ins. 
2  X  2  ins.  =  4       " 
2x2  ins.  =4 
2x2  ins.  =4 

7  401) 
7  600 
4  000 
7  700 

l"850 
1  150 
1000 
1925 

Stone  ; 

average, 

1481 

A  system  of  testing  somewhat  similar  to  the  one  adopted  by  the 
writer  was  used  some  years  ago  by  Colonel  Thomas  Casey  upon  concrete 
intended  for  the  Washington  monument.  The  samples  consisted  of 
blocks  27  X  27  X  8  ins.  thick,  and  were  sheared  by  means  of  a  cast-ii-on 
die  24  x  24  ins. ,  provided  in  the  center  with  a  slot  10  x  10  ins.  By 
means  of  a  cast-iron  punch,  having  a  face  area  of  8.1  x  8.2  ins.,  and  by 
placing  the  specimen ,  upon  this  die,  a  section  could  be  punched  or 
sheared  out  through  the  slot.* 

Another,  and  even  simpler,  method  is  to  provide  stone  slabs  12  ins. 
long,  4  ins.  thick  and  6  ins.  -wide.  These  were  tested  by  placing  sup- 
ports at  either  end  of  the  sample  6  ins.  apart.  By  means  of  a  plunger, 
the  area  of  whose  face  was  30  sq.  ins.,  a  section  of  the  specimen  be- 
tween the  supports  could  be  sheared  out.f  It  is,  evidently,  only 
possible  to  test  such  large  specimens  in  an  excejjtionally  large  testing 
machine  like  that  at  the  Watertown  Arsenal. 

Transverse  Strength. — The  determination  of  the  transverse  strength 
of  a  stone  is  sometimes  important  when  it  is  to  be  used  for  lintels, 
sidewalks,  culverts,  etc.,  but   since  such  a  test  involves  a  number  of 

*  "  Report  of  Tests  on  the  Strength  of  Structural  Materials  Made  at  Watertown  Arsenal, 
1883,"  p.  222. 

t  "Tests  of  Metals,  Etc.,"  U.  S.  Ordnance  Department,  Washington,  1891,  p.  737. 
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factors  whicli  must  be  taken  into  consideration,  the  writer  lias  as  yet 
failed  to  discover  a  satisfactory  method  of  arriving  at  the  result  de- 
sired. It  seems  to  him  that  for  all  i^ractical  purposes  a  shearing  test 
as  just  described  woiild  be  all  required.* 

Elasticity. — Tests  to  determine  the  elastic  limit,  coefficient  of  elas- 
ticity and  "  set  "  are  seldom  applied  to  building  stone.  Probably  the 
simplest  method  of  determining  these  factors  is  the  best,  namely,  by 
the  attachment  to  the  testing  machine,  when  making  the  compression 
tests,  of  a  suitable  apparatus  for  recording  the  strains  autographically. 
In  this  way  it  is  possible  to  obtain  a  strain  sheet  from  which  the  de- 
sired factors  can  be  determined  readily.  A  descrijition  of  the  appar- 
atus used  for  this  purpose  upon  the  Olsen  or  any  other  testing  machine 
would  occupy  too  much  sj^ace  in  this  paper. 

Porosity. — The  porosity  or  degree  with  which  a  stone  absorbs 
moisture  is  a  test  of  the  utmost  importance,  since,  other  things  being 
equal,  the  less  moisture  a  stone  absorbs  the  better  it  is. 

To  determine  this  absorptive  power  the  specimen  should  be  thor- 
oughly dried  at  about  100°  Fahr.  and  carefully  weighed ;  it  must  then 
be  soaked  for  at  least  24  hours  in  distilled  water;  when  removed  from 
the  water,  the  surface  allowed  to  dry  in  the  air  and  then  weighed.  The 
increase  in  weight  will  be  the  amount  of  water  absorbed,  and  will 
stand,  although  not  absolutely  correct,  as  an  exjiression  of  the  stone's 
absorptive  power.  This  test  is  extremely  simple,  and  when  done  with 
care  should  be  entirely  satisfactory  and  practically  valuable.  The  ab- 
sorptive power  of  rocks  varies  very  greatly;  in  general,  the  sedimentary 
rocks,  limestones,  etc. ,  are  the  most  porous,  and  the  eruptive  rocks  the 
least.  The  porosity  of  sandstones  is  characteristically  exhibited  in 
their  manner  of  drying  after  a  rain;  some  dry  rapidly,  while  others 
retain  their  moisture  a  long  time.  Ordinary  sandstones  absorb  from  3 
to  10%  of  weight  of  water  in  24  hours,  the  harder  stones  absorb  much 
less. 

Action  of  Frost. — Of  all  the  atmospheric  agencies  liable  to  affect 
building  stone  frost  is  the  most  objectionable.  Usually  its  deleterious 
effect  varies  in  direct  proportion  to  the  porosity ;  it  seems  obvious  that 
a  stone  which  absorbs  the  most  water  will  be  the  most  liable  to  disin- 

*  Baker  in  his  "  Treatise  ou  Masonry  Construction,"  p.  11,  gives  a  formula  for  calculat. 
ing  the  transverse  strength  of  stone  slabs  which  may  be  found  useful.  It  must  be  confessed, 
however,  he  has  not  treated  the  subject  as  clearly  as  might  be  desired. 
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tegration  due  to  the  expansive  action  of  the  ice  formed  in  its  inter- 
stices. 

There  are  a  number  of  methods  in  vogue  for  determining  the  effect 
of  frost  upon  stone  samples;  they  all  consist  substantially  of  various 
methods  of  alternate  freezing  and  thawing,  after  which  the  specimens 
are  washed,  dried  and  given  a  final  weighing.  The  loss  of  weight  is  an 
index  of  the  durability  in  this  particular. 

Specific  Gravity. — The  weight  or  specific  gravity  is  oue  of  the 
most,  if  not  the  most,  important  factors  in  determining  the  value  of 
a  building  stone,  since  by  such  a  test  we  can  also  approximately 
determine  its  relative  density  and  durability. 

Hardness. — The  resistance  to  abrasion  or  hardness  of  a  stone  is,  per- 
haps, as  easily  determined  by  the  method  of  Bauschinger  as  by  any 
other.*  It  consists  essentially  in  placing  a  block  of  stone  ujjon  a  hori- 
zontally revolving  cast-iron  i^late  covered  with  emery,  the  stone  being, 
of  course,  held  in  one  position  and  loaded  with  weights  if  desired.  The 
Sliced  of  the  plate,  the  size  of  the  si^ecimen  and  the  pressure  upon  it 
should,  of  course,  be  constant.  By  weighing  the  specimen  at  certain 
intervals  its  relative  resistance  to  abrasion  may  be  easily  noted. 

Destructive  Agents. — The  destructive  influences  to  which  a  building 
stone  is  subjected  may  be  divided  into  two  general  classes — mechan- 
ical and  chemical.  Of  the  former  agencies  the  most  potent  in  this 
climate  are  frost,  rain  and  wind.  The  degree  with  which  rain  aflfects  a 
stone's  durability  depends  more  upon  the  solvent  action  of  the  gases 
it  may  contain  than  upon  the  mechanical  wear  of  the  falling  drops. 
Thus  in  large  cities  or  in  the  vicinity  of  certain  manufacturing  estab- 
lishments this  solvent  action  is  greatest,  and  may,  in  some  instances, 
have  a  serious  result. 

The  destructive  chemical  agents  are,  of  course,  not  as  energetic  in 
dry  as  in  wet  weather.  They  are  chiefly  gases,  ammoniacal,  sulphuric 
and  carbonic,  resulting  from  the  decomposition  of  organic  matter, 
products  of  combustion,  certain  metallurgical  oj)erations,  etc. 

The  only  way  to  determine  the  effect  of  these  gases  upon  any  par- 
ticular stone  is  to  either  subject  it  for  a  specific  length  of  time  to  the 
direct  action  of  the  gases  themselves,  and  noting  their  action  and  the 
stone's  loss  in  weight,  or  to  soak  it  for  several  days  in  water  containing 

*  "Mitth.  aus  dem  Mec.  Tech.  Laboratorium  in  Munchea."  Unwin,  "  Testing  of  Mater- 
ials of  Construction,"  p.  429. 
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the  alkalies  or  acids  corresponding  to  each  particular  gas.  By  noting 
the  weight  from  time  to  time  a  fairly  correct  idea  of  the  relative  solvent 
action  of  the  gases  may  thus  be  obtained. 

Chemical  Tests. — The  chemical  composition  of  a  stone  gives  but 
little  indication  of  its  practical  value,  and  the  time,  money  and  troiible 
spent  in  making  the  analyses  is  generally  used  to  little  purpose.  It 
is,  however,  sometimes  well  to  know  the  quantity  of  silica,  lime  and 
alkalies  a  stone  may  contain,  since,  other  things  being  equal,  sili- 
cious  stones  are  the  most  durable.  A  sufficient  knowledge  of  lithology 
and  mineralogy  which  will  enable  one  to  note  the  relative  projDortionB 
of  feldspar,  mica,  silica,  etc.,  present,  and  to  determine  their  specific 
varieties,  is  vastly  more  valuable  than  dozens  of  chemical  analyses.  By 
means  of  the  microscope  the  distribution  of  the  various  component 
minerals  present  cannot  only  be  apjjroximately  determined,  but  the 
manner  in  which  they  are  cemented  or  held  together,  and  their  state 
of  decomposition,  can  be  detected  without  much  difficulty. 

In  some  rocks  the  feldspar  and  micas  are  in  a  more  or  less  decom- 
posed state.  When  the  feldspars  are  found  in  such  a  condition,  and  ap- 
pear to  be  approaching  kaolinization,  the  stone  becomes  practically 
worthless  for  many  purposes.  Similarly,  micas  containing  large 
amounts  of  soda  and  potash  may  be  very  objectionable  if  they  predom- 
inate in  quantity  over  the  other  mineral  constituents. 

Seasoning. — It  has  been  observed  since  early  Eoman  times  that 
stone  quarried  in  the  warm  dry  summer  months  and  then  allowed  to 
be  acted  upon  by  the  sun  and  air  for  an  indefinite  length  of  time  be- 
comes somewhat  harder.  This  is  due  to  what  is  known  as  the  "quarry- 
water  "  or  "  sap  "  drying  out  and  leaving  the  stone  in  a  less  saturated 
condition  than  when  it  existed  in  the  rock  mass.  It  frequently  happens 
that  stones  of  very  good  quality  are  entirely  ruined  by  hard  freezing 
immediately  after  being  taken  from  the  quarry,  such  being  notably  the 
case  with  some  marbles  and  limestones.*  If  they  are  quarried  in  the 
warm  weather  and  alloAved  to  become  thoroughly  dry,  the  danger  is 
avoided. 

This  phenomenon  is  easily  accounted  for  by  the  supposition  that 
the  quarry  water  carries  in  solution  in  some  cases  carbonate  of  lime 
and  silica,  which  is  deposited  in  the  cavities  of  the  rock  as  evapora- 
tion proceeds,  thus  furnishing  additional  cementing  material  and 
rendering  the  rock  more  compact. 

*  Tenth  Cenaue  of  the  U.  S.,  Vol.  X,  Report  of  the  Quarry  Industry,  p.  27. 
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"  Tliis  vrill  also  account  for  the  remarkable  hardening  of  some 
stones  after  being  quarried  sometime."  "  T^Tien  first  quarried  they 
are  so  soft  as  to  be  easily  sawed  and  worked  into  anv  desirable  shajje, 
but  after  the  evaporation  of  their  qiiarry  water,  they  become  hard  and 
very  durable."* 

The  following  bibliographical  apiiendis  may  be  found  useful  to 
anyone  wishing  to  pursue  the  subject  further. 
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Note. — The  literature  upon  this  subject  ajjpears  to  be  very  scanty, 
and  for  that  reason  some  references  have  been  given  which  bear  ujjon 
it  but  indirectly.  The  list  is  by  no  means  complete,  since  there  are  a 
number  of  German  publications  to  which  the  writer  has  been  unable 
to  obtain  access. 


DISCUSS  ION. 


A  Membee. — Have  you  ever  tried  the  interposition  of  lead  plates  ? 

F.  LiNwooD  Gaekisoit,  Assoc.  M.  Am.  Soc.  C.  E. — I  have  never 
tried  lead  j)lates  for  the  reason  that  all  the  testimony  I  have  seen  is 
to  the  effect  that  they  were  very  objectionable ;  they  produce  trans- 
verse strains  ;  the  lead  flows  and  thus  has  a  tendency  to  split  the  rock. 
I  have  nsed  plaster  of  paris  in  some  instances. 

J.  F.  O'RouEKE,  M.  Am.  Soc.  C.  E. — Do  you  say  the  results  of  the 
tests  of  building  stone  apjjlies  as  well  to  artificial  stone  ? 

Mr.  Gaerison. — No,  just  natural  stone. 

Mr.  O'Roueke. — "Would  it  not  be  true  in  regard  to  si>ecimens  for 
crashing — concrete  and  cement  ? 

Mr.  Gaeeison. — I  cannot  answer  that  question  very  well.  I  wrote 
this  paper  rather  hastily,  with  a  view  of  bringing  out  a  discussion. 
My  idea  was  that  if  we  coukl  get  the  consensiis  of  opinion  as  to  the 
best  method  of  testing  building  stone,  we  could  arrive  at  a  better 
general  system  of  tests.  In  my  opinion  it  is  very  essential  with  all 
natural  stones  first  to  determine  what  .kind  of  stone  it  is,  of  what  it  is 
composed,  and  to  understand  the  mutual  of  relations  of  the  comjjonent 
elements. 

Mr.  O'Roueke. — I  mean  in  determining  the  strength  or  resistance 
to  pressure. 

Mr.  Gaerison. — I  have  no  doubt  the  same  methods  would  apply  ; 
only  a  microscopical  test  would  not  be  so  essential,  or,  in  fact,  at  all 
necessary.  I  see  no  reason  why  there  should  not  be  in  general  the 
same  tests  used. 
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WITH  DISCUSSION. 


PART  I. 
By  C.  L.  CRANDAMi,  M.  Am.  Soc.  C.  E. 

In  1886,  the  College  of  Civil  Engineering,  Cornell  University,  had 
a  set  of  plates  and  rollers  made  for  experimental  purposes.  The  plates 
were  about  1^  ins.  thick  and  5  ins.  wide,  and  the  rollers  were  1,  2,  3 
and  4  ins.  in  diameter,  all  1^  ins.  long,  except  the  first,  which  were  1 
in.  long;  there  being  a  full  set  of  plates  and  rollers  in  cast  iron,  in  steel 
and  in  wrought  iron. 

Mr.  C.  B.  Wing,  now  Professor  of  Structural  Engineering,  Leland 
Stanford  University,  undertook  the  determination  of  rolling  friction 
for  his  graduation  thesis.  Three  horizontal  plates  were  put  into  the 
testing  machine  and  separated  by  two  jjarallel  rollers,  one  above  and 
the  other  below  the  middle  plate;  a  third  roller  was  placed  under  the 
middle  plate,  to  steady  it,  although  receiving  but  little  load. 
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The  force  required  to  produce  sensible  motion  of  the  middle  plate 
■was  measured  with  a  sjDring  balance  for  different  loads  on  the  testing 
machine,  and  one-half  of  this  force  divided  by  the  load  was  taken  for 
the  friction  of  rest  per  unit  load.  The  rollers  and  plates  were  taken 
as  they  came  from  the  tools  of  the  lathe  and  jjlaner  without  polishing 
or  filing. 

For  the  1-in.  rollers  six  different  loads  were  applied,  ranging  from 
350  to  900  lbs.,  and  two  determinations  were  made  for  each  load  for 
each  combination  of  materials,  except  for  the  cast-iron  rollers,  for 
which  only  one  determination  was  made  for  each  load.  The  friction 
per  unit  load  does  not  appear  to  vary  with  the  load,  although  the 
individual  results  vary  considerably. 

For  the  2-in.  rollers  12  different  loads  were  applied,  ranging  from 
600  to  2  300  lbs.  per  lineal  inch  of  roller,  with  two  determinations  for 
each  case  and  apparently  no  variation  with  load. 

For  the  3-in.  rollers  12  different  loads  were  applied,  ranging  from 
760  to  2  350  lbs.  per  lineal  inch,  with  two  determinations  for  each  case 
and  a  slight  tendency  for  the  friction  per  unit  load  to  increase  with  the 
heaviest  loads. 

For  the  4-in.  rollers  12  different  loads  were  applied,  ranging  from 
830  to  2  500  lbs.  per  lineal  inch,  with  two  determinations  for  each  case, 
and  with  apparently  no  variation  Avith  load. 

The  unit  friction  is  affected  somewhat  by  the  plate,  it  being  135*0 
greater  for  the  wrought  iron  and  Vd%  less  for  the  steel  than  for  the 
cast  iron. 

The  friction  is  so  much  affected  by  the  rollers  that  the  values  will 
be  given  separately  for  the  cast  iron,  wrought  iron  and  steel. 

The  usual  formula  is — 

p  =  ^^ a) 

where  P  =  resistance  applied  at  the  center  of  the  roller  or  wheel;  r  = 
radius;  (t  =  weight;  6  =  the  "  coei^cient  of  friction  "=the  distance 
the  point  of  supx^ort  is  moved  forward  by  the  yielding  of  the  material. 
According  to  the  extensive  experiments  of  Morin  uj)on  the  resis- 
tance of  wagons  upon  roads,  b  is  independent  of  ?•;  according  to  those 
of  Dupuit,  and  the  more  recent  ones  of  Poiree  and  Saiivage,  by  means 

of  railroad  cars,  b  varies  as  Vr ;   in  the  one  case  P  varies  as  —,  and 

in  the  other  as  in  — =-■ 
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The  exponent  of  r  being  thus  uncertain,  the  formula  was  put  in  the 
form — 

Friction  per  unit  load  -77-,  or  F=  —-r,  or 

(jr  r 

Log.  F  =  log.  h  —  a  log.  r (2) 

The  experiments  give  the  following  values  for  F: 


r 

F 

Cast  rollers. 

Wrought  rollers. 

Steel  rollers. 

0.5' 

.0082 
45 
32 
31 

.0138 
82 
63 
69 

.0075 

1 

47 

1.5 

45 

2 

These  values  substituted  in  (2)  will  give  four  observation  equations 
for  each  material  from  which  to  determine  the  most  probable  values 
of  a  and  b.     The  ordinary  method  of  least  squares  gives — 

a  =  0.75;  6=  .0079  for  cast  rollers;  o  =  0.55;  i  =  .0130  for  wrought; 
<j  =  0. 55 ;  i  =  .  0073  for  steel. 

The  formula  thus  becomes — 

Friction  per  unit  load  = '  for  cast  rollers. 


r. 
.0130 


.0073 


for  wrought  rollers, 
for  steel  rollers. 


These  nearly  conform  to  the  >/?•  formula.      Changing  to  that  form 
v\'e  have — 

,0063 


Friction  per  unit  load  =  '- — =  for  cast  rollers; 

"  "  "     = '  for  wrought  rollers;   l 


(3) 


.0073 


for  steel  rollers. 


\/r  J 

For  wrought-iron  plates  these  values  should  be  increased  about  13,%", 
and  for  steel  jilates  decreased  by  the  same  percentage. 

If  these  formulas  could  be  extended  to  the  20-in.  cast  wheel,  rolling 
upon  a  cast  track,  experimented  uj)on  by  Weisbach  and  Eittiuger 
(Weisbach's  "Mechanics,"  Vol.  I,  page  354),  they  would  give  the  friction 
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per  unit  load.  0020  instead  of  .0018,  as  found  by  tlie  former,  and  .0019, 
as  found  by  the  latter.  If  extended  to  the  39.4-in.  railroad  wheels  of 
Pambour  (assumed  to  be  wrought  iron  on  wrought-iron  rails),  they 
would  give  the  friction  per  unit  load  .0027,  instead  of  the  .0100  to  .0110 
actually  found  by  him.  The  formulas  (3)  thus  give  too  large  a  result 
in  the  first,  and  too  small  a  one  in  the  second  case,  when  extended  to 
radii  very  much  greater  than  those  experimented  upon,  which  would 
not  suggest  a  change  in  the  exponent  of  r  if  it  is  to  remain  the  same 
for  cast  and  wrought  iron. 

The  next  academic  year,  1886-87,  Mr.  Wing,  as  Fellow  in  the  College, 
and  the  writer  undertook  a  series  of  wearing  tests  upon  these  rollers 
and  plates  in  order  to  determine  the  life  of  rollers  for  different  loads 
and  materials.  They  were  placed  in  the  testing  machine  with  one 
roller  between  the  upper  and  middle  plates,  and  two  between  the  mid- 
dle and  lower,  their  axes  all  parallel;  the  full  load  on  the  upper  roller 
was  thus  divided  between  the  two  lower  ones.  The  center  plate  was 
driven  back  and  forth  about  J  in. ,  rotating  the  rollers,  by  means  of  a 
small  water  wheel  acting  through  a  connecting  rod  upon  a  rod  working 
in  guides  and  attached  to  the  plate  by  a  flexible  joint.  The  number 
of  turns  of  the  crank  was  registered  by  an  attached  odometer.  The 
scale  beam  was  kept  balanced  at  a  constant  load  dining  the  exjieri- 
ment.  Motion  was  continued  until  the  surfaces  were  injured  by  wear, 
but  it  was  found  impossible  to  reach  the  same  degree  of  wear  with  all, 
first  on  account  of  the  difficulty  of  examining  the  surface  until  the 
experiment  was  stopped  and  the  rollers  removed,  and  second,  on  ac- 
count of  the  long  time  required  to  produce  wear  with  the  lighter  loads. 

The  wearing  effect  was  towards  a  gradual  rusting  of  the  surface, 
which  changed  to  a  blackening, accompanied  with  black  dust  of  worn- 
out  material  as  the  wear  increased;  finally,  pitting  of  the  surface  took 
place,  with  a  flow  of  metal  at  the  ends  of  the  rollers  and  around  the 
edge  of  the  contact  portion  of  the  plate.  The  results  are  given  in  the 
table  on  the  opposite  page. 

The  elastic  limit  in  comjaression  of  a  short  steel  rod  about  1  in.  in 
area,  cut  from  the  rod  which  furnished  the  smaller  rollers,  was  found 
to  be  46  000  lbs.,  and  the  modulus  of  elasticity  31  500  000  lbs.  The 
cast  iron  gave  an  elastic  limit  in  a  short  length  of  41  000  lbs.,  an  ulti- 
mate of  100  000,  and  a  modulus  of  elasticity  of  14  400  000  lbs. ,  all  in 
compression. 
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It  is  not  felt  that  tliese  experiments  will  give  more  than  a  hint  at 
the  effect  of  diameter,  load  and  material  upon  the  -wear  of  rollers  ; 
biit  thev  mav  serve  as  a  nucleus  about  which  to  collect  the  results  of 
others,  both  from  the  field  and  laboratory. 

In  order  to  determine  what  a  certain  number  of  revolutions  of  the 
odometer  means  with  reference  to  the  life  of  a  bridge  roller,  observa- 
tions were  taken  upon  a  Lehigh  Yalley  Eailroad  bridge  of  some  100-ft. 
span  over  Fall  Creek  at  Ithaca,  during  the  passage  of  slow-moving 
freight  trains,  and  upon  a  Delaware,  Lackawanna  and  Western 
Railroad  bridge  over  the  Chemung,  near  Waverlv,  during  the  passage 
of  faster  freight  trains.  Both  bridges  had  been  recently  erected. 
The  first  was  a  through  bridge  upon  masonry  abutments.  The  roller 
end  moved  out  when  the  train  entered,  and  back  when  it  passed  off, 
with  no  vibration  or  other  motion  for  the  ordinary  shoi-t  trains  of  that 
branch  of  the  road.  The  second  was  a  deck  double-track  bridge  of 
some  160-ft.  span,  with  the  fixed  end  upon  a  masonry  abutment, 
and  the  roller  end  upon  a  masonry  pier,  7.5  ft.  wide  at  the  top  and 
some  25  ft.  high  above  the  stream.  The  roller  end  vibrated  consid- 
erably, but  most  of  the  vibration  was  transmitted  to  the  pier  without 
moving  the  rollers.  One  shori  train  of  an  engine  and  two  cars  gave 
a  motion  of  the  rollers  out  and  back,  with  some  eight  vibrations  of 
about  aV  in-  each.  Three  long  freight  trains  gave  three  motions  out 
and  back  each,  with  no  vibration  of  sufficient  amplitude  to  be  recorded 
on  the  self -registering  apparatus. 

For  medium  spans  on  heavy  traffic  roads,  it  is  believed  that  10 
motions  per  train  is  not  above  the  actual.  This  would  correspond  to 
an  odometer  reading  of  73  000  per  year  for  a  road  of  10  daily  trains 
each  way,  requiring  but  a  very  few  years  to  reach  the  numbers  in  the 
above  table,  without  allowance  for  the  dirt  and  rust  of  the  actual 
bridge  rollers. 

During  the  next  academic  year,  1887-88,  experiments  were  made  to 
determine  the  effect  of  load  and  diameter  iij^on  the  area  of  contact 
between  the  roller  and  plate,  and  also  to  find  the  elastic  limit,  in  order 
to  test  the  Grashof  roller  formula.  The  same  rollers  and  plates  were 
used  as  in  the  expeiiments  already  described.  The  results  have  been 
discussed  by  Professor  Marston  in  connection  with  this  paper,  and 
need  not  be  repeated  here. 

The  Grashof  formula  not  being  satisfactory  theoretically,  and  not 
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giving  results  agreeing  ■writli  experiment,  it  was  felt  that  valuable  data 
in  regard  to  the  actiial  distribution  of  stress  in  the  roller  could  be  ob- 
tained by  examining  a  glass  roller  under  stress  by  means  of  polarized 
light.  Accordingly,  the  college  jjurchased  a  1-in.  and  a  2-in.  roller  of 
oi^tical  glass  of  Brashear.  Xo  one  was  fount!  to  take  up  this  portion 
of  the  work  until  Professor  Marston  came  to  the  college  for  graduate 
work  during  his  own  vacation  in  December,  1892.  A  cube  of  optical 
glass  was  added,  and  suitable  apparatus  placed  at  his  disposal  for 
carrying  on  the  work,  which  was  begun  at  Cornell  and  completed  at 
Ames,  la.  He  also  extended  and  stipplemented  the  metal  roller 
contact  experiments,  as  more  fully  described  in  the  able  paper  given 
as  Part  n. 

PAET  n. 

By  A.  Makstok,  Assoc.  M.  Am.  Soc.  C.  E. 

The  investigation  described  below  was  begun  in  the  winter  of 
1892-93  at  the  suggestion  of  Professor  Charles  L.  Crandall,  of  the  Col- 
lege of  Civil  Engineering  of  Cornell  University,  whom  the  writer  had 
assisted  while  a  student  at  the  University  in  1887  and  1888,  in  making 
a  series  of  tests  of  bridge  rollers.  The  material  for  the  experiments 
with  polarized  light  described  below  was  suijplied  by  Cornell  Univer- 
sity, at  which  the  writer  was  spending  part  of  a  vacation  when  the  work 
was  begun.  The  investigation  has  been  continued  at  such  times  as  he 
could  spare  from  his  regular  duties.  The  writer  desires  to  acknowl- 
edge here  his  indebtedness  to  Professor  W.  S.  Franklin,  of  the  Depart- 
ment of  Physics,  Iowa  State  Agricultural  College,  for  assistance  in 
developing  the  method  of  studying  strains  by  polarized  light. 

The  fact  that  stressed  glass  bodies  exhibit  striking  optical  effects 
when  viewed  by  polarized  light  has  long  been  known,  and  the 
exhibition  of  these  effects  is  one  of  the  standard  experiments  of  the 
l^hysical  lecture-room.  Previous  attempts,  also,  have  been  made  to 
utilize  these  effects  in  the  study  of  stresses.  Wertheim  long  since 
invented  a  device  by  which  he  used  the  colors  of  polarization  in  de- 
termining the  intensity  of  stress  uniformly  applied,*  and  Mr.  Louis 
Nickerson,  M.  Am,  8oc.  C.  E.  (deceased),  attempted  to  determine 
the  position  of  the  neutral  axis  iu  beams  by  experiments  with- 
polarized  light. f    jNIr.  Nickerson's  interpretation  of  his  results,  how- 

*  See  Comptes  Rendus  32,  page  289  (1851),  and  Phil.  Magazine  (i)  8,  page  241  (1854). 
^-  See  Transactions,  Vol.  Ill,  page  31. 
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ever,  was  based  upon  a  misconception  of  their  true  meaning.  Since 
writing  this  paper,  the  attention  of  the  writer  has  been  called  to  the 
fact  that  Professor  C.  A.  Cams  Wilson  published  an  article  in  the 
Philosophical  Magazine  for  December,  1891,  entitled  "  The  Influence  of 
Surface  Loading  on  the  Flexure  of  Beams,"  which  gives  the  lines  of 
stress  as  found  exijerimentally  by  polarized  light.  The  method  used 
bv  the  writer  in  this  work  was  described  in  the  Physical  Review  of 
Cornell  University  for  September-October,  1893. 


Figu 


re  1. 


The  use  of  this  method  in  the  study  of  the  distribution  of  the 
stresses  in  a  bridge  roller  will  be  better  understood  after  the  apparatiis 
used  in  the  experiments  has  been  described.  This  apj^aratus  is  shown 
in  Fig.  1.  By  means  of  the  screw  S  working  in  the  steel  cross-jjiece 
C,  pressure  was  applied  to  the  upright  jiin  U  and  thence  to  the  loose 
block  B,  and  glass  plate  O'.  Between  this  plate  and  another  G"  the 
roller  to  be  examined  was  placed.  f7had  a  ball-bearing  on  B.  The 
amount  of  the  i^ressure  was  measured  by  the  sum  of  the  readings  of 
the  two  ice  scales  /,  /,  plus  the  weight  of  B,  U,  G,  S,  and  /,  /. 

The  analyzer  A  was  a  Nicol's  prism  set  in  a  brass  tube  in  the 
usual  manner,  and  for  these  experiments  mounted  in  an  upright  block 
of  wood  as  shown  in  the  figure.     By  means  of  a  graduated  paper  strip 
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pasted  on  the  brass  tube,  the  plane  of  polarization  could  be  set  (within 
a  degree  or  two)  at  any  desired  angle  with  the  vertical.  The  polarizer 
P  (mostly  hid  from  view  by  the  other  parts  of  the  apparatus  in  the 
figure)  was  a  similar  Nicol's  prism,  similarly  mounted. 

The  two  rollers  studied  by  this  apparatus  in  these  experiments 
were  of  optical  glass,  1  in.  long,  and  respectively  1  in.  and  1.98  ins. 
in  diameter.  The  ends  were  polished,  and  the  cylindrical  surfaces 
ground  true.  The  rollers  were  made  by  Brashear,  of  Pittsburgh,  Pa. 
They  bore  above  and  below  against  pieces  of  plate  glass  1^  x  1  x  ^  ins. 

When  the  planes  of  polarization  of  the  polarizer  and  analyzer  were 
set  at  right  angles  to  each  other  (prisms  crossed),  and  the  observer 
looked  through  the  analyzer  at  the  end  of  the  roller,  the  following 
phenomena  were  observed  :  With  no  load  on  the  roller  the  whole  of 
its  face  was  dark  ;  with  a  load  (of  200  lbs. ,  say)  on  the  roller,  the  light 
was  restored  over  most  of  the  face  of  the  roller,  but  there  still  re- 
mained dark  bands,  which  moved  when  the  jarisms  were  rotated. 
There  were  also  color  bands  which  varied  as  described  below. 

When  the  planes  of  polarization  of  the  polarizer  and  analyzer  were 
set  parallel  (prisms  parallel),  the  roller  was  clear  in  the  unstressed 
condition,  and  only  color  effects  were  observed  when  the  roller  was 
loaded.  The  colors  were  in  bands  of  yellow,  red  and  blue  (see  Plates 
XVI  and  XVII)  and  varied  in  position  as  the  load  changed,  and  in 
brightness  (though  not  in  position)  as  the  prisms  were  rotated. 

In  the  article  in  the  P hysical Review,  already  referred  to,  it  is  shown 
that  the  dark  bands  seen  when  the  i^risms  are  crossed  give  the  loci  of 
the  iDoints  where  the  lines  of  stress  are  jDarallel  or  perpendicular  to 
the  plane  of  polarization  of  the  polarizer  P,  while  the  colors  observed 
give  the  diflferences  between  the  principal  stresses,  at  the  points  where 
they  are  observed,  according  to  the  table  on  page  108. 

Thus  polarized  light  affords  a  means,  first,  to  determine  the  lines 
of  stress  throughout  the  roller,  and  second,  to  check  the  intensities  of 
the  principal  stresses  as  given  by  the  formulas  of  any  solution  of  the 
equations  of  elasticity  for  this  case.  In  order  to  obtain  these  results 
a  systematic  series  of  observations  of  the  dark  bands  and  color  bands 
■was  made  for  different  loads  for  each  of  the  rollers  above  described. 
To  sketch  the  bands  accurately,  the  face  of  the  roller  under  observa- 
tion was  divided  into  Tu-in.  squares  by  fine  threads  stretched  in  a 
brass  frame,  placed  against  the  roller.  The  sketches  were  made  on 
figures  similarly  divided,  as  shown  in  Plates  XIV  to  XVII. 
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TABLE  No.  1. 

Differences  Between   PRiNcrPAii    Stresses    Corresponding   to  the 

Colors  of  Polarization  in  Rollers  1  in.  Long. 


Color. 

Difiference. 

Color. 

Difference. 

Clear 

100  lbs.  per  square 

200 

300 

400 

525 
600  to  900    " 
1  200 
1  550 

1  800 

2  100 

inch.       Third  red 

2  550  lbs.  per  square 

3  000 

3  650 

4  050 

4  7.-.0 

5  250 

5  900 

6  450 

7  050 

Cloudy 

Faint  yellow... 
Brifiht  yellow. . 

First  red 

Blue 

'               Fourth  red 

Fifth  red 

Yellow 

Sixth  red 

Greenish  blue. . 
Greenish  yellow 

'              Seventh  red,... 

Plates  XrV"  and  XV  show  the  dark  bands  observed  nnder  the  loads 
stated  on  the  jjlates,  with  the  plane  of  polarization  of  the  j^olarizer 
set  at  the  angles  with  the  vertical  indicated  on  the  figures,  the  prisms 
being  crossed.  For  the  sake  of  clearness,  the  color  eflPects  are  omitted 
from  these  plates.  Similar  observations  were  made  for  loads  of  100  lbs., 
200  lbs.  and  300  lbs.,  the  results  being  the  same  as  in  the  figtires 
given. 

Plates  XVI  and  XVII  show  the  color  bands  observed  with  the  prisms 
jDarallel,  under  the  loads  stated  on  the  plates.  Each  of  the  figures  in 
these  ijlates  was  made  by  combining  the  results  of  a  series  of  observa- 
tions with  the  plane  of  polarization  of  the  polarizer  set  at  difi'erent 
angles  with  the  vertical,  for  in  no  one  position  of  the  laolarizer  could 
the  color  bands  be  seen  throughout  theii-  whole  extent. 

A  study  of  the  results  given  in  Plates  XIV  and  XV,  and  of  the  ol>ser- 
vations  made  for  the  other  loads  (but  not  given  here)  showed  that  the 
position  of  the  dark  bands  did  not  vary  (except  at  the  points  of  con- 
tact of  the  plates)  for  different  loads.  This  showed  that  the  lines  of 
stress  were  the  same  for  different  loads.  To  determine  the  exact 
natiire  of  the  lines  of  stress,  the  case  .of  the  1-iu.  roller  sustaining  a 
load  of  400  lbs.  may  be  taken.  The  dark  bands  for  this  case  are  given 
in  Figs.  7  to  14,  Plate  XIV.  The  middle  lines  of  these  bands  are  grouped 
on  one  figure  in  Fig.  2,  and  show  the  angles  of  inclination  of  the  lines 
of  stress  to  the  vertical  at  different  jjoints  in  the  roller.  Starting  at 
any  point  on  the  horizontal  diameter,  as  A,  the  line  of  stress  through 
this  point  may  be  approximately  drawn  by  first  drawing  a  short  verti- 
cal arc,  then  one  inclined  5^  to  the  vertical  and  extending  nearly  to 
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the  10^  line,  then  one  inclined  10-  to  the  vertical  running  past  the  10^ 
line,  and  so  on.  By  repeating  this  process  for  different  points,  the 
lines  of  stress  were  found  as  sho-sm  in  Fig.  2. 

On  trying  these  lines  of  stress  -w-ith  a  pair  of  dividers,  they  seemed 
to  be  arcs  of  circles.  To  decide  -whether  such  be  the  case,  the  positions 
for  the  middle  Lines  of  the  dark  bands  in  Plates  XTS'  and  XY  may  be  cal- 


Pi^,  ^. 


culated  on  this  supposition  and  the  results  comi:)ared  with  the  actual 
positions.  The  equation  of  the  dark  band  corresponding  to  any  angle 
0  of  the  plane  of  polarization  with  the  vertical  may  be  found  as  fol- 
lows :  In  Fig.  3  let  P  be  any  point  of  the  dark  band.  The  liae  of 
stress  through  this  point  makes  an  angle  O  with  the  vertical  at  P. 
Let  the  line  of  stress  .be  an  arc  of  a  circle  passing  through  A  and  A', 
and  let  Che  its  center.     Then  from  triangle  OAC — 

7-1  =  .-c^i  +  r-, 
and  from  triangle  PBC, 

r^-^  =:  if  ~  .TT  —  2.c.ri  +  ^i'- 
Hence,    -r  =^  :c  -~  y-  —  ^xx^. 
But,       .Tj  =  y  cot.  Q  -\-  X, 
hence,     -r  =  y^  —  %xy  cot.  0  —  ar, 

whence,  y  =  x  cot.  6*  -  -/  ?-2  _  ^  cs<t  Q (1) 

which  is  the  required  equation. 

From  this  equation  the  lines  which  should  coincide  with  the  middles 
of  the  dark  bands  are  platted  on  the  figures  in  Plates  XIT  and  XY. 
Insj^ection  of  the  results  shows  that  the  lines  practically  coincide  with 
the  actual  dark  bands  observed.  Hence  it  may  be  considered  as 
jDroven   that    the  lines  of  stress   in  a  bridge  roller  are,   at  least   ap- 
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proximately,  arcs  of  circles.  A  mathematical  demonstration  of  this 
fact  will  be  given  further  along,  but  it  was  first  ascertained  in  the 
manner  given. 

The  color  effects  shown  in  Plates  XVI  and  XVII  are  very  striking. 
If  the  stresses  in  the  roller  were  simple  stresses,  these  colors  would  give 
the  approximate  numerical  value  of  the  intensity  of  the  stress  at  each 
point  of  the  roller.  The  stresses,  however,  are  in  fact  compound 
stresses,  and  what  the  colors  do  give  is  the  differences  between  the 
princiisal  stresses.  Hence  they  will  serve  to  check  any  theoretical 
solution  of  the  problem  of  finding  the  stresses,  but  do  not  give  data 
for  forming  the  theox*y.  To  make  use  of  these  colors  it  was  necessary, 
therefore,  to  attempt  the  solution  of  the  general  equations  of  elasticity 
for  the  case  of  the  roller  loaded  as  in  the  experiments,  or  as  when 
under  the  end  of  a  bridge. 

In  the  solution  of  this  problem  the  standard  notation  for  stresses, 
displacements  and  constants  of  elasticity  will  be  adopted,  as  follows: 
At  any  point  {:c,  y,  z)  in  an  elastic  solid — 
Let  It  =  the  displacement  parallel  to  the  axis  of  X; 

V  ^  "  "  "  "  "     F; 

to  =  "  "  "  "  "     Z; 

P  =  normal  stress  on  the  plane  perpendicular  to  the  axis  X; 

Q=  "  «'  "  "      Y; 

E=  "  "  "  "      Z; 

S  =  the  shear  tending  to  produce  rotation  about  the  axis  X; 

rp  __  ( (  ( (  c  <  ( (  Y' 

U=  "  "  "  "     z,     ■ 

and  let  the  subscripts  p  and  r  denote  the  stresses  and  displacements 
in  the  bearing  plate  and  roller  respectively.  P,  Q  and  E  are  +  for 
tensions.  aS*,  T  and  D  are  -f-  for  shears  tending  to  make  the  upper 
right-hand  corner  of  a  rectangular  element  acute,  when  up  and  to  the 
right  are  the  +  directions  of  the  axes  of.  co-ordinates. 

Let  /<  =  modulus  of  rigidity,  =        J~ — 

_  Ed 

^-{1  +  d)  {1-  26). 
E  =  Young's  modulus  of  elasticity. 

d  =  ratio  of  lateral  contraction  to  longitudinal  expansion. 
W  =  load  per  unit  of  length  of  roller. 
r  —  radius,  (Z  =  diameter,  and  /=  length,  of  roller. 
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unit  of  length,  to  press  ujjon  tlie  infinite  solid  along  the  axis  of  Z,  as 
in  Fig.  4,  giving  a  case  similar  to  that  of  a  bridge  roller  resting  on  a 
pier  of  the  same  material  as  the  bearing  plate,  and  let  the  origin  be  at 
the  middle  of  the  load  (or  roller).  It  is  evident  that  the  displacements 
and  stresses  at  any  point  {x,  y,  z')  of  the  solid  will  be  equal  to  the 
integrals  of  (4),  and  of  the  corresponding  stresses,  between  the  limits 


P»5.  -f. 


of  2' —  \  I  and  z'  Ar\l.  The  resulting  exj^ressions  are  very  complicated. 
If,  however,  the  solution  be  limited  to  points  close  to  the  middle  of 
the  roller,  and  to  values  of  x  and  y  which  are  small  in  comparison  with 
/,  the  formulas  are  much  simi^lified,  and  become,  after  substituting  for 
A  and  /<  in  terms  of  E  and  6, 

TF(1+(J) 


^      TF(l  +  g)(l 

TtE 


^i,  =  4- 


Tr(i  +  (j)  (1- 


2(?) 
6) 


cot. 


^  + 

X 


2W 


TtE 

x^  y 


log. 


h^ 


+ 


n  E 

W{l-\-6) 

Tt  E 


xy 


2  W6 

y 

0, 

Tt 

h^ 

n  = 

0, 

^.= 

— 

2  W 

It 

xy^ 

..(5) 
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where  h  =  the  perpendicular  distance  from  the  looint  x,  y,  z,  to  the  axis 
of  z,  and  the  logarithms  are  Napierian  logarithms.  It  may  readily  be 
verified  that  the  displacements  above  satisfy  the  fundamental  equa- 
tions (3),  and  that  the  stresses  satisfy  the  boundary  conditions. 

The  solution  in  (5)  a^jplies  strictly,  as  has  been  said,  only  to  the 
case  where  the  bearing  plate  rests  on  a  pier  of  the  same  material  as 
itself.  Practically,  however,  it  does  not  seem  probable  that  the  nature 
of  the  material  on  which  the  bearing  plate  would  actually  rest  will 
appreciably  affect  the  stresses  in  it.  Again,  although  the  solution  is 
strictly  correct  only  for  points  in  the  plate  near  the  middle  of  the 
roller,  where  x  and  y  are  small  in  comparison  with  /,  yet,  if  the  roller 
extends  to  the  edge  of  the  plate,  they  may  be  considered  as  a  section 
of  a  roller  and  plate  of  infinite  length,  for  which  the  solution  would  be 
true  at  all  points  of  the  plate.  The  only  difference  is  that  the  roller 
and  plate  in  the  actual  case  are  free  to  expand  parallel  to  the  axis  of 
the  roller,  which  will  modify  the  value  of  R^„  but  probably  not  greatly 
aflfect  the  other  stresses. 

On  the  whole,  therefore,  it  may  be  said  with  some  confidence  that 

2  W     x^y 


P,.  =  — 


It       h 


4    ' 


^"  =  --ir  ^'    ^ ^^^ 

are  the  stresses  in  a  bearing  jjlate  under  the  end  of  a  bridge  due  a 
roller  as  long,  as  the  plate  is  wide,  loaded  with  a  weight  W  per  unit  of 
length. 

In  (6)  the  axis  of  Z  is  the  line  of  contact  between  the  roller  and  the 
plate,  and  the  axis  of  Y  is  taken  vertical,  h  =  the  peri^endicular  dis- 
tance from  the  point  {x,  y,  z)  to  the  axis  of  Z.  The  stress  on  planes 
perpendicular  to  the  axis  of  the  roller  is  left  out  of  account,  it  being 
assumed  that  it  is  normal  to  the  planes.  The  equations  do  not  hold 
true  for  points  very  close  to  the  line  of  contact  for  the  reason  that  there 
will,  in  reality,  be  a  surface  instead  of  a  line  of  contact. 

It  will  be  seen  that  equations  (6)  are  very  simple  in  form.  They  can 
be  still  further  simplified  as  follows  : 

Let  iVp'  and  N^"  be  the  principal  stresses  at  any  point  of  the  plate, 
and  let  0^,  be  the  angle  which  the  line  of  stress  at  the  point  makes 
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■witli  the  vertical. 
169  and  170— 


Then,  from  Eankine's  "  Civil  Engineering, "    pages 


.^;=9^'^^ 


\Q. 


+  u-^, 


2  i\ 


N;=-^^\^-yj- 


\Q.-Pi)- 


+  u;;. 


Qj^   =  J  tan. 


Q,-P, 


(7) 


From  (7)  and  (6), 


NJ'^-  "-^^. 


0,.  =  tan. 


(8) 


n;  =  0, 

X 

y 

From  (8)  it  is  seen  at  once  that  the  lines  of  stress  in  a  bearing  plate, 
pressed  as  for  (6)  are  straight  lines  perpendicular  to  the  line  of  contact 
between  roller  and  plate,  and  radiating  from  it,  and  that  the  stress  is 
a  simple  compression,  directed  towards  the  line  of  contact,  and  of 
amount — 

^^^_2jrcos.  e^  ^9^ 


11  h 

where  Q  is  the  angle  which  any  line  of  stress  makes  with  the  vertical, 
and  h  and  IF  are  as  for  (6).  The  axes  of  co-ordinates  are  taken  as  for 
(6),  and  the  formula  is  subject  to  the  same  limitations.  It  will  be 
more  nearly  correct  at  the  middle  of  the  plate  than  elsewhere. 

(9)  is  very  interesting  as  showing  the  law  by  which  a  uniform  load 
applied  to  an  elastic  solid  along  a  surface  line  distributes  itself  into 
the  body  of  the  solid. 

To  obtain  a  solution  for  the  stresses  in  the  roller  itself,  conceive  the 
roller  to  be  inscribed  in  a  plate  of  thickness  2  r  (where  /•  =  the  radius  of 
the  roller),  and  of  width  equal  to  the  length  of  the  roller,  as  in 
Fig.  5. 

It  is  evident  that  (5)  gives  the  stresses  in  such  a  plate,  for,  1st,  the 
load  irper  unit  of  length  along  the  upper  line  of  contact  of  the  roller; 
2d,  to  the  distribution  of  stress  over  the  lower  face  of  the  plate  found  by 
substituting  2  r  in  the  values  of  Q^,  and  U,,  given  in  (5) ;  3d,  to  a  dis- 
tribution of  stress  over  each  side  edge  of  the  plate  equal  to  the 
i?,,of(5). 

These  stresses  in  the  plate  may  be  transformed  to  axes  of  co-ordin- 
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ates  through  the  center  of  the  roller  as  in  Fig.  5,  by  substituting  r  —  y 
for  y  in  (5).     From  this  it  is  evident  that  the  system  of  stresses— 
pn  _       2  W\-x'{r—y)       .r  (r  +  .v)-] 

2  Wr[r-y)'     ,     [r  +  y)'- 


+ 


2  TFc^r(r  — 


TT        L 


K"=  — 

5"  =  0, 
T"  =  0, 


/i,^ 


+ 


[r  +yy 


i 


A, 


1 


] 


(10) 


[where  A,  and  h.^  are  the  respective  perpendicular  distances  from  the 
point  {x,  y,  z)  to  the  upper  and  lower  Hues  of  contact  of  the  roller] 
gives  the  stresses  in  the  plate  of  Fig.  5,  due,  1st,  to  the  loads  W  per 
unit  of  length  along  each  line  of  contact  of  the  roller  as  in  Fig.  5;  2d, 
to  a  distribution  of  stress  over  each  face  equal  to  the  Q^,,  and  Up  of  (5) 
when  2  r  is  substituted  for  y  ;  3d,  to  the  distribution  of  stress  R  " 
over  each  side  edge  of  the  plate. 


Or,  they  are  the  stresses  in  the  roller  shown  in  Fig.  5,  due,  1st,  to 
the  load  W  per  unit  of  length  along  each  line  of  contact  of  the  roller  ; 
2d,  to  the  reaction  of  the  plate  against  the  cylindrical  surface  of  the 
roller  ;  3d,  to  the  distribution  of  stress  R' '  over  each  end  of  the  roller. 
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The  reaction  of  the  plate  against  the  cylindrical  surface  may  be 
computed  by  substituting  x'  -\-y'  =  r'  in  the  expressions  for  P",    §" 

W  W 

and  T"  in  (10).    The  results  are  P",  = ,0''   = ,  and  7"\,==0. 

Thus  the  stresses  caused  by  the  reaction  of  the  plate  against  the 
roller  may  be  nullified  by  adding  to  the  F"  and  Q"  oi  (10)  the  uniform 

+  W                             W 
tensile  stresses  P'"  = ,  and  0'"  =  -\ . 

The  double  integral  of  P"  over  the  end  of  the  roller  =  —  4  W6  r. 
It  is  well  known  that  any  two  equal  and  opposite  forces,  parallel  to 
the  axis,  applied  symmetrically,  one  at  each  end  of  a  cylinder,  cause 
a  simple  uniform  stress  at  all  points  in  the  cylinder  except  those  very 
close  to  the  ends,  equal  in  amount  to  the  quotient  of  one  of  the  forces 
divided  by  the  area  of  a  right  section  of  the  cylinder.  Hence  the 
stresses  due  to  the  distribution  of  stress  R"  over  each  end  of  the  roller 
may  be  nullified  by  adding  to  the  R"  of  (10)  the  uniform  tensile  stress 

4  TFdr  4  TFg 

TT  r'-      ~~         7t  r    ' 

Making  these  corrections  to  (10),  and  calculating  the  corresponding 
displacements,  the  complete  solution  for  the  stresses  and  displace- 
ments in  a  roller  of  radius  r,  pressed  above  and  below  by  loads  W  per 
unit  of  length  is  as  follows  : 


Tr(l-fg)  (1  — 2g) 
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4  W6 


-f 


.V)-- 
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In  (11)  the  axes  of  co-ordinates  are  taken  as  in  Fig.  5,  ^i=tlie 
l^erjienclicular  distance  from  the  point  {x,  y,  z)  to  the  upper  line  of 
contact,  and  h.^  =  the  corresponding  distance  to  the  lower  line  of  con- 
tact. The  logarithms  are  Napierian  logarithms.  It  may  readily  be 
verified  that  (11)  satisfies  (2),  and  (3j,  and  the  boundary  conditions. 
The  solutions  do  not  hold  true  except  at  points  sensibly  distant  from 
the  areas  of  contact  for  the  reason  already  given  in  connection  with 
the  bearing  jjlate. 

TABLE  Xc.  2. 

THEOKETiCAii   Stresses   in   a   EoiiLEE    1    Ix.  in  Dt  a  meter  Due   to   a 

Load   W  pee  Ltn'eax,  Inch  of  Roi^iiEB. 


X 

3/ 

Pr 

Cr 

_» 

N-,. 

i\-V 

-v.-v„ 

0.0" 

ao" 

+  0.637  W 

—  1.910  W 

0 

-  0.637  IF 

—  1.910  IF 

■ 

2.546   IF 

0.0' 

+  0.1" 

+  0.637  W 

—  2.016  TT 

0 

^  0.637  IF 

—  2,016  IF 

2.653    IF 

0.0- 

^  0.2" 

+  0  637  W 

—  2.395  ir 

0 

-  0  637  IF 

—  2.396  IF 

3.031   IF 

0.0" 

+  0.3" 

+  0.637  W 

—  3.342  IF 

0 

-1-  0  637  IF 

—  3,342  IF 

3.978   IF 

0.0" 

-4-  0.4" 

+  0.637  IF 

—  6.437  IF 

0 

-i-  0.637  IF 

—  6,437  IF 

7.073   IF 

—  0.]" 

0.0" 

+  0.542  W 

—  1.717  IF 

0 

-r  0,542  IF 

—  1.717  W 

2.260   IF 

—  0.1- 

+  0.1" 

+  0.521  ir 

—  1.777  IF 

—  0.185  IF 

-  0.535  IF 

—  1.792  IF 

2.327   IF 

—  0.1" 

+  0.2" 

+  0.428  »r 

—  1.955  IF 

—  0.448  IF 

-f  0.509  IF 

—  2.037  IF 

2,546   IF 

—  01" 

+  0.3" 

-f- 0.115  W 

—  2.172  IF 

—  0.922  IF 

—  0,441  IF 

—  2.497  n- 

2.938   IF 

—  0.1" 

+  0.4" 

—  0.964  W 

—  1.645  IF 

—  1.515  IF 

—  0.248  W 

—  2,857  IF 

3.105   IF 

—  0.2" 

0  0' 

-1-  0.334  W 

—  1.255  IF 

0 

—  0.334  IF 

—  1.255  IF 

1.589  ir 

—  0.2" 

+  0.1" 

+  0.286  W 

—  1.241  IF 

—  0.223  IF 

+  0.319  IF 

—  1.274  IF 

1.592   IF 

—  0.2" 

+  0.2" 

+  0.121  Tr 

-1.157  IF 

—  0.456  IF 

+  0.267  IF 

-1.303  IF 

1.571  n- 

—  0.2" 

+  0.3" 

—  0.203  ir 

—  0.b64  IF 

—  0.619  IF 

-^  0.168  IF 

—  1.235  IF 

1.404   IF 

—  0,2" 

+  0.4" 

—  0.414  IT 

—  0.260  IF 

—  0.366  IF 

+  0.037  IF 

—  U.711  IF 

0.749   W 

—  0.3" 

0.0" 

+  0.141  W 

—  0.740  IF 

0 

+  0.141  IF 

—  0.740  IF 

0.881    IF 

—  0.3" 

+  0.1" 

+  0.100  TT 

—  0.694  IF 

—  0  149  IF 

+  0.127  IF 

—  0.721  IF 

0  849   IF 

—  0.3" 

-f  0.2" 

—  0.013  TT 

—  0.543  IF 

—  0.252  IF, 

+  0.088  IF 

—  0.644  H' 

0.732   IF 

—  0.3" 

+  0.3" 

—  0.127  W 

—  0.276  IF 

-  0  223  IF 

+  0,032  n- 

—  0.436  IF 

0.469   IF 

—  0.3" 

+  0.4" 

0 

0 

0 

0 

0 

0 

The  stresses  given  in  (11)  may  now  be  checked  by  comparison  with 
the  i^olarized  light  exx^eriments.  Let  N\.  be  the  principal  stress  at 
any  point  at  right  angles  to  the  line  of  stress  passing  through  the 
point,  and  let  iV",.  be  the  principal  stress  in  the  direction  of  the  line 
of  stress.  When  P ,,  Q^  and  U,.  are  calculated  by  (11),  N\.  and  N",. 
may  be  calculated  by  equations  similar  to  (1). 

The  results  in  the  1-in.  roller  are  given  in  Table  No.  2. 

For  the  1.98-in.  roller  the  results  are  given  in  Table  No.  3. 

By  comparing  the  values  of  N\. —  N",.  with  Table  No.  1,  it  may 
readily  be  ascertained  what  the  colors  should  be  at  the  different 
l»oint3  of  the  figures  in  Plates  XYI  and  XVII,  to  check  with  equa- 


]18 


MARSTON   ON   FRICTION   ROLLERS. 


tions  (11).     On  the  original  drawings,  in  the  writer's  possession,  the 
theoretical  colors  are  everywhere  the  same  as  the  actual. 

TABLE  No.  3. 

Theoretical  Stresses  in  a  Roller  1.98  Ins.  in  Diameter  Due  to  a 

Load  W  per  Lineal  Inch  of  Roller. 


X 

y 

^V 

Qr 

^r 

ivv 

iV", 

j^V-iV'v 

O.O" 

0.0" 

+  0.321 

W 

—  0.964  W 

0 

+  0.321  W 

—  0.964  TF 

1.286   TF 

0  0" 

+  0.2" 

+  0.321 

ir 

—  1.019  W 

0 

+  0.321  W 

—  1.G19  TF 

1.341   TF 

0.0" 

+  0.4" 

+  0,321 

w 

—  1.215  W 

0 

+  0.321  W 

—  1.215  TF 

1.537   TF 

0.0" 

+  0.6" 

+  0.321 

w 

—  1.711  W 

0 

+  0  321  IF 

—  1.711  TF 

2.033   TF 

0.0" 

+  0.8" 

+  0.321 

TV 

—  3.384  W 

0 

+  0.321  W 

—  3.384  TF 

3.706  TF 

0.0" 

+  0.9" 

+  0.321 

W 

—  7.088  W 

0 

+  0.321  TF 

—  7.088  TF 

7.410  TF 

—  0.1" 

+  0  8" 

—  0.249 

^v 

—  2.087  W 

—  1.062  W 

+  0.236  W 

—  2  572  TF 

2.808   TF 

—  0.1" 

+  0.9" 

—  1.428 

w 

—  1.430  W 

—  1.556  W 

-i-  0.127  W 

—  2.985  TF 

3.112  TF 

-  0.2" 

0.0" 

•  + 0.173 

w 

—  0.866  IF 

0 

+  0.273  TF 

—  0.866  TF 

1.139   TF 

—  0.2" 

+  0.2" 

+  0.262 

w 

—  0.896  W 

—  0.095  W 

+  0.269  TF 

—  0.901  W 

1.173   TF 

—  0.2" 

+  0.4" 

+  0  213 

w 

—  0.986  W 

—  0.231  W 

+  0.256  TF 

—  1.029  TF 

1.285  TF 

—  0.2" 

+  0.6" 

+  0  046 

w 

—  1.090  ir 

—  0.475  W 

+  0.219  TF 

—  1.262  TF 

1.481   TF 

—  0.2" 

+  0.8" 

—  0  518 

w 

-0.778  W 

—  0.755  W 

+  0  118  TF 

—  1.415  IF 

1.533   TF 

—  0.2" 

+  0.9" 

—  0.673 

w 

—  0.208  W 

—  0.411  W 

-L  0.031  TF 

—  0.913  TT' 

0.944   TF 

—  0.3" 

+  0.8" 

—  0.372 

w 

—  0.290  W 

—  0.377  W 

+  0.048  TF 

—  0.710  TF 

0.759   TF 

—  0  4" 

0.0" 

+  0.166 

w 

—  0.629  W 

0 

+  0.166  TF 

—  0.629  TF 

0.794   TF 

—  0.4" 

+  0.2" 

+  0.142 

w 

—  0.621  W 

—  0.113  W 

+  0.158  TF 

—  0.637  TF 

0.796  TF 

—  0.4" 

+  0.4" 

+  0  056 

w 

-  0  576  W 

—  0.231  TF 

-r  0.132  W 

—  0.651  TF 

0.783   TF 

—  0.4" 

+  0.6" 

-  0.109 

w 

—  0.420  IF 

—  0.308  W 

-^  0.081  TT' 

—  0.610  TF 

0.691    TF 

—  0  4" 

+  0  8" 

-  0.198 

w 

—  0.115  W 

—  0.167  W 

+  0.016  TF 

—  0.328  TF 

0.345   TF 

By  an  equation  similar  to  the  third  equation  of  (7),  the  angles  made 
with  the  vertical  by  the  lines  of  stress  at  the  different  jjoints  of  the 
rollers  may  be  computed  from  the  values  of  /*,.,  §,.  and  U,.  in  Tables  Nos. 
2  and  3.     On  the  supposition  that  the  lines  of  stress  are  arcs  of  circles, 

2  2  ,2 

these  angles  would  be  given  bv  the  equation,  cot.  O  =  " ~ 

which  is  derive  I  in  the  same  way  as  equation  (1).  The  angles  have 
been  computed  by  each  of  these  methods  for  a  large  number  of  jioints 
in  each  roller,  and  the  results  are  identical.  This  shows  that  the  lines 
of  stress  are  arcs  of  circles,  as  was  susjjected  from  the  results  of  the 
polarized  light  experiments.  It  should  be  possible  to  ijrove  this  alge- 
braically from  equations  (11),  but  the  writer  has  not  succeeded  in 
doing  so. 

That  the  distribution  of  stress  in  a  bridge  roller  is  of  the  general 
character  shown  by  Plates  XVI  and  XVII  and  equations  (11)  was  con- 
firmed in  an  interesting  way  by  some  experiments  made  at  Cornell 
University  in  1893  by  Prof.  C.  L.  Craudall  and  the  writer.  In  the 
300  000  lbs.  testing  machine  of  Sibley  College,  rollers  of  tool  steel,  1  in. 
long  and  respectively  1  in.  and  2  ins.  in  diameter,   were  pressed  be- 
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tween  bars  of  tlie  same  metal,  1  in.  wide  by  J  in.  tLdck,  as  slio'wn  in 
Fig.  6.  The  sides  of  the  bars  -were  polished,  and  light  was  reflected 
on  them  from  a  mirror.  As  the  elastic  limit  was  passed,  a  line  bound- 
ing the  permanently  distorted  area 
made  its  appearance  on  each  bar. 
The  general  shape  of  these  lines, 
as  well  as  the  manner  in  which  they 
shifted  as  the  load  increased,  is  shown 
by  the  dotted  lines  on  Fig.  6.  Allow- 
ing for  the  widening  of  the  surface 
of   contact  between   the   roller   and 

^  plate    when    the    elastic    limit    was 

fiq.  6. 

passed,  due  to  the  permanent  in- 
dentation, it  will  be  seen  that  these  lines  are  of  the  same  general  shape 
as  the  color  bands  of  Plates  XVI  and  XYII. 

Under  very  great  pressure  the  ends  of  the  bars  in  the  above  experi- 
ments bent  away  from  the  surfaces  on  which  they  rested,  and  lines 
similar  to  those  above  described  extended  from  the  farther  surface  of 
each  bar  to  meet  the  first  lines. 

The  effect  of  the  high  loads  put  on  these  rollers  was  greatly  to 
flatten  them  out,  and  to  cause  them  to  indent  deeply  into  the  bars. 
Finally,  under  a  load  of  168  000  lbs.,  the  1-in.  roller  began  to  shear 
through  the  bar. 

It  now  remains  to  utilize  the  results  of  the  preceding  discussion  in 
the  derivation  of  a  practical  formula  for  the  safe  loads  on  bridge  rollers. 

There  have  been  three  practical  formulas  proposed,  viz. : 

W,   =  C  Vd (12) 

which  is  the  formula  generally  used  in  bridge  si^ecifications  in  this 
country; 

W,   =W  1  ic/  r  /r  ^  7^     \ (13) 

V^"^       £Jp   J 
which  is  originally  due  to  Grashof,  but  has  been  modified  by  Profs. 
Burr,  Johnson  and  Eddy ;  * 

and  TF;=  Cd. (U) 

which  is  the  formula  commonly  used  in  Germany. 

In  the  above  formulas,  W^  =  the  safe  load  per  unit  of  length  of 
roller,  w,  =  the  safe  stress  in  the  roller  or  i^late,  r'  =  the  thickness  of 

*See  Burr's  "  Stresses  in  Bridge  and  Roof  Trusses,"  pages  443-46. 
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the  plate,  r  =  the  radius,  and  d  =  the  diameter  of  the  roller,  E,.  and 
Ep  are  the  moduli  of  elasticity  of  the  roller  and  plate  respectively, 
and  C  and  C  are  empirical  constants. 

For  equation  (12)  there  is  a  theoretical  derivation  based  on  the 
assumption  that  the  safe  load  will  cause  a  certain  fixed  indentation  of 
the  plate  for  all  diameters  of  rollers.  Recently,  also,  Prof.  Johnson  has 
supported  it  on  the  ground  that  it  is  confirmed  by  the  results  of 
Profs.  Crandall's  and  Wing's  experiments  with  rollers  1  in.  to  4  in.  in 
diameter.* 

The  writer  finds,  however,  that  the  results  of  these  experiments 
will  agree  almost  equally  well  with  several  diflferent  assumed  formulas, 
and,  in  fact,  they  do  not  include  a  sufficient  range  of  diameters  to 
eliminate  the  effect  of  the  irregularities  of  the  tests.  The  results  of 
these  experiments  are  platted  on  Plate  XYII. 

Equation  (13)  is  based  on  the  supposition  that  the  whole  of  the 
stress  in  the  roller  is  borne  by  the  strip  included  between  the  verticals 
through  the  edges  of  the  area  of  contact.  A  glance  at  Plates  XVI  and 
XVII,  or  at  Tables  Nos.  2  and  3,  will  show  that  this  assumption  is  very 
far  from  the  truth.  Moreover,  this  formula  would  make  the  crushing 
load  depend  upon  the  thickness  of  the  plate.  That  this  is  incorrect 
was  shown  by  experiments  made  in  1893  hj  'Sir.  G.  E.  McKim,  at  the 
Iowa  State  Agricultural  College.  He  determined  the  crushing  loads 
for  1-in.,  2-in.,  3-in.  and  4-in.  steel  rollers,  bearing  on  plates  2  ins. 
thick,  cut  from  the  same  j^iece  of  steel  as  the  rollers,  and  then  had  the 
plates  planed  down  to  successive  thicknesses  of  1 J  ins. ,  1  in.  and  •>  in. , 
repeating  the  test  with  each  thickness.  The  results  showed  no  ap- 
preciable variation  of  the  crushing  loads  for  different  thicknesses  of 
plates,  although  for  the  1-in.  roller  equation  (13)  would  make  the  crush- 
ing load  nearly  67%"  larger  for  the  2-in.  than  for  the  i-in.  plate.  Mr. 
McKim's  results  are  given  in  Plate  XVIII. 

"When,  in  equation  (13j,  r'  is  assumed  equal  to  r,  the  resulting  equa- 
tion is  of  the  form  given  in  (14).  This  is  the  form  used  for  practical 
purposes  in  Germany,  as  already  stated.  It  is  evident,  however,  that 
the  assumption  that  ?•  =  r'  could  not  be  correctly  made  for  any  great 
range  of  diameters  of  rollers,  and  Prof.  Johnson,  in  a  discussion  before 
this  Society,!  has  shown  that  the  derivation  of  (14)  from  the  Grashof 
formula  cannot  be  accepted. 

*  See  "  Framed  Structures,"  pages  273-77. 
t  See  Transaetiorn,  Vol.  XXI,  page  206. 
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The  results  of  the  solutions  given  in  this  jDajDer  for  the  stresses  in 
the  roller  and  bearing  j^late  may,  ho-^ever,  be  utilized  to  give  a 
rational  basis  for  formula  (1-4),  as  follows: 

The  displacements  and  stresses  in  (5)  and  (11)  are  strictly  correct  for 
points  near  the  middle  of  the  roller  (jarovided  x  and  v  for  the  plate  are 
small  in  comparison  with  the  length  of  the  roller)  for  a  uniform  dis- 
tribution of  pressure,  W  jier  unit  of  length,  along  a  liiie  of  contact. 
In  the  actual  case,  the  force  W  is  distributed  over  an  area,  instead 
of  along  a  line  of  contact.  From  the  theory  of  "local  perturbations  " 
(see  Love's  "Theory  of  Elasticity,"  page  259),  it  is  evident  that  the  dis- 
placements and  stresses  of  (5)  and  (11)  will  still  hold  true  for  all  points 
except  those  very  close  to  the  area  of  contact.  It  is  also  evident  that 
the  pressure  between  the  plate  and  roller  is  a  maximum  at  the  middle 
of  the  area  of  contact,  and  is  0  at  the  edges  of  that  area,  so  that  the 
greater  part  of  TFis  applied  near  the  middle  of  the  area  of  contact. 
Hence  the  equations  (5)  and  (11)  may  be  assumed  ajDproximately  correct 
up  to  the  edges  of  the  area  of  contact. 

Let  the  middle  line  of  the  area  of  contact  be  taken  as  the  axis  of  Z, 
let  the  axis  of  X  for  the  jilate  lie  in  the  surface  of  the  plate  before  it 
is  strained,  and  let  the  axis  of  X  ior  the  roller  be  tangent  at  the  origin 
to  the  roller  before  it  is  strained.  Before  the  strain  the  surface  of  the 
plate  will  be  the  plane  V/,  =  0-     After  the  strain  it  will  be  the  surface 

3^,  =  —  Cj,  log.  -j^  (see  o),  where  c^,  =  ^ — ' — ^-j^ J~.      For  smaU 

'       "^  "  a? 

values  of  .r,  the  surface  of  the  roller  before  strain  will  be  v.  = -r- 

^^  d 

:r}        W  (f-       2W 

and  after  strain  it  will  be  y,.  = r c,  log.  — — —  —  c.  (see  11), 

where   c,.   =  - — ■ — '^^ '-.     The  edges  of  the  area  of  contact  -will 

be  where  -r-ior  the  plate,  equals  -j-  for  the  roller;  /'.  <?.,  where — 
ax  ax 

2TF        _1 ^4.^      1 

Hence,  if  x„  =  the  value  of  x  at  the  edge  of  the  area  of  contact,  and 
A  =  the  width  of  the  area  of  contact, 

W(1, 

^"^"^  -■!  =  2  sj^~~  ^<^'  =  ^  V'  Wd (15) 

where  /ris  a  constant. 


«,  = 

Cr  +  C,, 

Tt 

c,.  +  c^, 
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Since  equations  (5)  and  (11)  are  only  approximately  true  up  to  the 

edges  of  the  area  of  contact,  ^may  be  considered  to  be  an  empirical 

constant  to  be  determined  by  experiment.     To  ascertain  how  close  K 

}c   4-  c 
probably  approximates  to  'i\J~ -,  the  writer  has  computed  A  on 

the  supposition  that  the  distribution  of  the  pressures  over  the  area  of 
contact  is  such  that  they  can  be  represented  by  the  ordinates  to  a 
parabola,  as  is  assumed  in  the  derivation  of  the  Grashof  formula.  The 


result  was  that  K  for  this  case 


V  2 


X  2 


and  the  formula 


was  still  of  the  form  (15). 

The  writer  has  compared  formula  (15)  both  with  the  measurements 

of  the  area  of  contact  taken  by  Professors  Crandall  and  Wing,  and  also 

with  the  results  of  a  similar  series  taken  by  Mr.  G.  E.  McKim,  under 

the   direction  of  the   writer.      Mr.   McKim   used   three  independent 

methods:  First,  by  placing  a  sheet  of  impression  paper  between  the 

plate  and  the  roller;  second,  by  injecting  coralline  dissolved  in  ether 

around  the  roller  after  the  load  was  applied;  and,  third,  by  placing  a 

coating  of  tallow  on  the  plate  before  the  load  was  ajiplied.  The  results 

are  given  in  Table  No.  4. 

TABLE  No.  4. 

Showin'g  Measueejients  of   Abeas  of  Contact   Between  Rollebs 

AND  Plates. 


Abea  of  Costact. 


Load  on  Roller 
1^  ins.  long. 


1-in.  roller. 


f; 

2-in.  roller •<  ' 


3-in.  roUer ■{ 


4-ln.  roller J 


By  impreesion 
paper. 


By  ether  and 
coralline. 


Lbs. 
500 

1  000 
1500 

500 
1000 
1500 
2000 

2  500 
500 

1000 
1500 
2  000 

2  500 
3000 

3  600 
500 

1000 
1500 

2  000 
2500 

3  000 
3500 

4  000 
4  600 


Ins. 
.0238 
.0370 
.0135 
.0435 
.0516 
.0538 
.0550 
.0575 

.0494 
.0524 
.0545 
.0565 
.0587 
.0610 

.0547 
.0573 
.0592 
.0615 
.0640 
.0664 
.0685 
.0700 


Ins. 
.0370 
.0383 
.0397 
.0487 
.0501 
.0523 
.0545 
.0570 
.0515 
.0532 
.0549 
.0563 
.0575 
.0587 
.0601 
.0541 
.0554 
.0567 
.0580 
.0592 
.0607 
.0618 
.0632 
.0645 


By  tallow. 


Ids. 
.0257 
.0305 
.0340 
.0338 
.0372 
.0395 
.0433 
.0472 
.0411 
.0429 
.C464 
.0495 
.0530 
.0558 
.0590 
.0461 
.0490 
.0522 
.0555 
.0578 
.0605 
.0635 
.0660 
.0685 
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The  measurements  in  the  above  tab»le  are  each  the  averages  of  two 
measurements,  one  on  the  plate,  and  the  other  on  the  roller.     Formula 


(15)  with  £7  equal  to  2      p-   '    ^  i;    gives   in   every   case   results   very 

much  smaller  than  the  measurements  in  Table  No.  4.  or  than  those  by 
Professors  Crandall  and  Wing.  The  writer  thinks  that  this  should  be 
the  case.     Taking  Mr.  McKim's  results  with  tallow  as  an  illustration, 


if  formula   (15)   is  correct  and  Ki5  taken  equal  to   2       _i £_',    the 

thickness  of  the  tallow  films  at  the  edges  of  the  areas  he  measured 
would  be  only  about  .00015  in.,  this  thickness  being  remarkably  con- 
stant for  the  different  measurements,  although  the  areas  were  more 
than  twice  those  given  by  (15).  It  is  evident  that  the  eye  in  attempt- 
ing to  locate  the  limits  of  so  thin  a  film  of  semi-transparent  material, 
gradually  diminishing  to  0  thickness  at  the  edges  of  the  area  of 
contact,  would  be  apt  to  choose  a  place  where  the  film  is  of  appre- 
ciable thickness,  as  the  theory  indicates  was  done.  Indications  were 
not  wanting  in  Mr.  McKim's  experiments,  as  the  writer  watched 
them,  that  the  true  area  of  contact  was  very  much  smaller  than  the 
one  measured. 

Assuming  equation  (15)  to  be  correct,  a  formula  for  the  crushing 
load  may  be  derived  by  placing  the  average  load  over  the  area  of  con- 
tact equal  to  the  average  stress  at  the  elastic  limit  of  the  metal  of  the 
roller  or  the  plate,  whichever  fails  sooner. 

In  a  case  of  compound  stress  like  the  one  under  consideration, 
however,  the  elastic  limit  stress  will  not  he  the  one  determined  by 
observations  with  pieces  of  metal  subjected  to  simple  stress  in  the 
ordinary  way,  but  a  very  much  higher  limit,  as  all  measurements  of 
the  area  of  contact  have  shown  (compare  Table  Xo.  4),  though  such 
measurements  are  known  to  give  average  pressures  smaller  than  the 
true  pressures.  The  reason  for  this  raising  of  the  elastic  limit  was 
clearly  stated  by  Mr.  J.  B.  Francis,  in  the  discussion  of  the  paper  on 
"Cylindrical  Wheels  and  Flat  Topped  Eails,"  in  Vol.  XXI  of  the  Trans- 
actions.* It  has  been  questioned  whether  the  value  of  the  elastic  limit 
stress  for  rollers  will  not  vary  for  different  diameters  of  rollers. 
The  writer  finds,  however,  by  experiments  covering  a  greater  range 
of  diameters  than  any  heretofore  made  of  which  he  has  been  able  to 

*  See,  also,  the  discnssion  by  Professor  Johnson,  page  273,  of   "Framed  Stmctnxes.  " 


124  MARSTON"    ON    FRICTION    ROLLERS. 

find  record,  that  the  average  stress  per  unit  of  the  area   of  contact 
of  bridge  rollers  at  the  elastic  limit  is  constant. 

Call  this  stress   u>,,.     By  ef^uation  (15)  the  average  stress  over  the 

area   of  contact.  A,  is  —  —  — '  which  at  the  elastic  limit  becomes 

_  '      '         A        AVrf 

1-,  where    W,  is  the  crushing  load  per  unit  of   length  of  roller. 

Putting  this  equal  to  w^,  the  average  stress  in  the  metal  at  the  area  of 
contact  for  the  elastic  limit, 

W,  =  K-  w,-  d=  Cd (16) 

where   C  is  an  empirical  constant  to  be  determined  by  experiment. 
If   Wg  be  the  safe  load  per  unit  of  length  of  the  roller, 

TF,  =  ^X  Cd (17) 

■where/ is  the  factor  of  safety  used. 

Although  the  writer  has  made  a  close  search  in  all  the  technical 
literature  to  which  he  has  access,  he  has  not  succeeded  in  finding  any 
data  as  to  the  bearing  strength  of  bridge  rollers  as  determined  by 
actual  experiment,  other  than  those  of  the  experiments  of  Professors 
Crandall  and  Wing.  In  these,  as  has  already  been  said,  the  range  of 
diameters  was  not  sufficient  to  eliminate  the  irregularities  of  the  tests. 
The  same  is  true  of  the  .experiments  by  Mr.  McKim,  to  which  refer- 
ence has  already  been  made.  The  lack  of  experimental  data  relating 
to  the  subject  has  led  the  writer  to  undertake  a  series  of  experiments 
to  determine  the  efi"ect  of  the  diameter  of  the  roller  on  the  crushing 
loads  of  bridge  rollers,  the  results  of  which,  together  with  those  of 
Mr.  McKim's  experiments,  are  platted  in  Plate  XVIII. 

Mr.  McKim's  experiments  were  made  with  rollers  1,  2,  3  and  4  ins. 
in  diameter  and  Ij  ins.  long,  all  cut  from  a  piece  of  round  steel  4i  ins. 
in  diameter,  obtained  from  the  Illinois  Steel  Company.  The  bearing 
plates  were  4  ins.  square,  and  of  different  thicknesses,  as  already  de- 
scribed. The  lower  plate,  on  which  the  observations  were  made,  rested 
on  a  block  of  limestone  6  ins.  thick.  A  chemical  analysis  of  the  steel 
gave  the  following  results:  Silicon,  trace  ;  i^hosphorus,  0.089%"  ;  sul- 
l)hur,  0.135 ^f;"  ;  manganese,  0.507%  ;  carbon,  0.370  per  cent.  The  mo- 
dulus of  elasticity  of  this  material,  as  determined  by  a  compression  test 
on  a  piece  1  x  1  x  10  ins.  between  caliper  i^oints,  was  28  900  000  lbs.  jaer 
square  inch.  The  elastic  limit  stress,  and  the  tensile  strength,  as  de- 
termined by  a  test  of  a  piece  J  in.  sqtiare,  -were,  resjDectively,  31  000  lbs. 
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per  square  inch  and  50  000  lbs.  per  square  inch.  The  reduction  of 
area  at  the  fractured  section  was  31%",  and  the  elongation  in  8  ins.  was 
21  per  cent.  The  criishing  loads  per  lineal  inch  of  roller  are  platted 
in  Plate  XTIH. 

The  writer's  experiments,  which  have  just  been  completed,  were 
made  with  rollers  1,  2,  3,  4,  6,  8,  10,  12,  li  and  16  ins.  in  diameter,  and 
1  in.  long,  all  cut  from  one  steel  plate  by  the  Clinton  Bridge  and  Iron 
Works,  of  Clinton,  la.  The  bearing  plates  were  6  ins.  square  x  0.9 
in.  thick,  cut  from  the  same  plate  as  the  rollers.  A  chemical  analysis 
of  the  steel  gave  the  following  results  :  Silicon,  phosphorus  and  sul- 
phur, a  trace  of  each  ;  manganese,  0.61  %;  carbon,  0.24  per  cent.  The 
modulus  of  elasticity,  as  determined  by  a  comiDre^sion  test  of  a  jiiece 
0.607  X  0.618  in.  x  8^  ins.  between  caliper  points,  was  27  300  000  lbs. 
per  square  inch.  The  elastic  limit  stress  was  36  000  lbs.  per  square  inch; 
the  tensile  strength,  -58  000  lbs.  per  square  inch  ;  the  elongation  in 
5  ins. ,  31%,  and  the  reduction  of  area  of  the  fractured  section,  60%",  a 
test  piece,  0.607  x  0.618  in.  being  used.  The  rollers  were  polished 
and  the  plates  surfaced.  The  tests  were  made  on  a  50  000-lb.  Olsen 
testing  machine,  at  the  Iowa  State  Agricultural  College. 

The  elastic  limit  load  for  rollers  bearing  on  plates  is  hard  to  deter- 
mine very  definitely,  because  the  first  permanent  indentation  is  not 
perceptible  to  the  eye  unless  the  plate  is  held  to  the  light  in  a  favor- 
able position.  In  these  exiieriments  the  load  at  the  elastic  limit  was 
determined  by  applying  loads  increasing  by  small  increments  from  a 
safe  value,  and  making  a  careful  examination  of  the  plate  and  roller 
after  each  load  was  applied,  until  a  permanent  indentation  could  be 
detected  on  the  plate.  In  no  case  could  a  permanent  mark  be  detected 
on  the  roller  as  soon  as  on  the  plate,  probably  because  the  shape  of 
the  former  is  not  so  favorable  for  detecting  very  slight  deformations  as 
that  of  the  latter. 

The  results  of  these  experiments  are  platted  on  Plate  X"\1II,  together 
with  those  obtained  by  Mr.  McKim.  While  the  results  show  irregu- 
larities, these  are  not  greater  than  can  be  explained  by  unavoidable 
differences  in  the  accuracy  of  finish  of  the  rollers,  or  in  the  quality  of 
the  metal  from  different  parts  of  the  same  plate.  The  writer  consid- 
ers that  the  results  are  as  conclusive  as  those  of  any  one  set  of  exj^eri- 
ments  can  be  in  favor  of  the  formula  W^  =  C  d.  The  average  value 
of  C  for  the  writer's  experiments  is  880  lbs.  per  lineal  inch  of  roller. 
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For  comparison,  the  crushing  loads  per  lineal  inch  of  Professors 
Crandall's  and  Wing's  experiments  are  platted  on  Plate  XIX,  omitting 
those  for  the  4-in.  wrought-iron  roller,  which  were  uniformly  smaller 
than  those  for  the  smaller  diameters  of  rollers  of  the  same  kind  of 
material,  because  this  fact  would  indicate  a  poor  finish  or  a  poor  qual- 
ity of  material  in  the  roller.  It  will  be  seen  that  the  results  were  very 
irregular.  Part  of  these  irregularities  was  probably  due  to  the  fact 
that  comparatively  large  increments  of  load  were  used  in  the  tests, 
and  part  to  differences  in  the  accuracy  of  finish,  or  in  the  quality  of 
the  metal  of  the  plates  and  rollers.  The  average  lines  for  the  differ- 
ent metals  are  drawn  on  the  plate,  assuming  formula  (16)  to  be  correct. 
A  careful  study  of  Plate  XIX  will  show  that  the  experiments  conform 
to  this  theory  as  well  as  to  any  other.  The  value  for  C  for  wrought 
iron  and  steel  is  much  larger  than  the  one  determined  by  the  writer's 
experiments. 

If  the  formula  PT,  =— ;-C(/be  accepted  as  correct,  there  are  strong 

reasons  for  changing  the  ordinary  accepted  bridge  specifications  to 
conform  to  it,  which  have  been  stated  by  Mr.  George  S.  Morison  in  a 
recent  paper,  read  before  the  American  Society  of  Mechanical  Engi- 
neers. The  rule  that  the  safe  loads  vary  as  the  square  root  of  the 
diameter  of  the  roller  encourages  the  use  of  small  rollers,  making  the 
rolling  friction  greater,  and  causing  greater  danger  of  the  expansion 
bearings  becoming  immovable  through  imperfections  of  workmanship, 
or  other  causes.  Probably  every  bridge  engineer  can  recall  instances 
of  his  own  observation,  where  the  expansion  bearings  of  bridges  have 
proved,  on  inspection,  to  be  in  this  condition.  The  rule  that  the  safe 
load  varies  as  the  diameter  will,  when  taken  in  combination  with  the 
use  of  segmental  rollers,  make  it  possible  to  obtain  an  economical  ex- 
pansion bearing  with  rollers  of  large  diameters,  and  thus  help  to  avoid 
this  defect.  Moreover,  this  rule  is  not  an  untried  one,  but  has  been 
used  abroad. 

In  assigning  the  proper  value  for  the  factor  of  safety  to  use  in  this 
formula,  account  should  be  taken,  on  the  one  hand,  of  the  fact  that 
the  pressure  is  seldom  equally  distributed  over  the  roller  by  the  ordi- 
nary end  shoe  of  a  bridge,  and,  on  the  other  hand,  of  the  fact  that  an 
excessive  pressure  on  the  roller  is  not  so  fatal  a  defect  as  it  would  be 
in  other  members  of  the  bridge.     Mr.  George  S.  Morison  uses  in  his 

practice  the  formula 

TF;  =  250  fZ (18) 
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where  W,  is  tlie  safe  load  in  pounds  per  lineal  inch  of  roller,  and  d  is 
the  diameter  of  the  roller  in  inches.  For  a  4-in.  roller  this  gives  the 
same  value  for    W,  as  the  ordinary  formula  W^  =  500  x/f/. 

For  the  writer's  exi^eriments,  with  rollers  and  plates  of  mild  steel, 
formula  (18)  corresponds  to  a  safety  factor  of  3 J,  which  would  cer- 
tainly be  sufficiently  large  ;  and  the  formula  may  be  supported  for  all 
cases,  on  the  ground  that  cast-iron  or  hard-steel  rollers  and  bearing 
plates  require  a  larger  factor  of  safety  than  those  of  wrought  iron  or 
mild  steel. 

DISCUSSION. 


W.  R.  HuTTON,  M.  Am.  Soc.  G.  E.  (by  letter).— In  addition  to  the 
observations  upon  glass  under  stress  viewed  by  polarized  light  which 
are  mentioned  by  Professor  Marston,  a  very  interesting  series  by  Mr. 
A.  Leger  is  illustrated  and  discussed  in  the  memoirs  of  the  Society  of 
Civil  Engineers  of  France  for  1879.  It  has  but  slight  bearing  upon 
the  ]3articular  form  of  stress  under  discussion  here.  Referring,  how- 
ever, to  the  double  or  triple  iridescent  ellipses  at  the  point  of  max- 
imum i^ressure,  Mr.  Leger  observes  that  the  glass  scales  off  along  the 
contours  of  these  ellipses  with  undulated  surfaces,  and  after  rupture 
these  surfaces  are  seen  to  be  wavy  and  wrinkled  [ride)  in  conformity 
with  the  last  polarized  figures  of  the  unbroken  glass;  and  "jets"  of 
striae  traverse  these  undulations  in  the  direction  of  the  "  difiusion  " 
of  the  interior  forces;  these  waves  mark  the  limit-deformation  which 
precedes  rupture. 

I  have  not  seen  the  paper  in  the  Physical  Review,  as  there  is  no 
copy  of  it  in  the  library  of  our  Society. 

Besides  the  "  practical  "  formulas  for  safe  loads  on  bridge  rollers 
on  page  119,  the  following  approximate  rule,  which  I  copy  from  Resal 
[Fonts  Metalliquea,  page  92),  for  roller  and  plate  of  the  same  material, 
although  it  takes  no  note  of  the  conjugate  stresses,  is  based  upon 
sound  theory  and  is  at  the  same  time  eminently  practical. 
Let  d  =^  diameter  of  roller. 

a  =  half  chord  of  indentation. 

h  =  versed  sine  of  same. 

c  ^  unit  pressure  on  center   line  of  contact  (maximum  unit 

pressure). 
E  =  modulus  of  elasticity. 
Assume,  as  is  commonly  done,  that  half  the  indentation  is  the  com- 
pression of  the  roller  at  the  point  of  contact; 

d         _,   b  ,      „  or 

c  —  ^^  Jl  —  =  very  nearly  E  ^; 
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The  wliole  compression  =  F  —  —c  x  2a;  combiuing  and  eliminating  a, 

9        it 


_4        IT- 

-  d  (=\j  E- 


d 

The  stress  in  the  roller,  therefore,  varies  directly  as  the  diameter. 
The  maximum  unit  pressure  c  of  the  roller  on  the  plate  must  not 
exceed  the  elastic  limit  of  the  material.  If,  Avith  Eesal,  we  assume  a 
factor  of  safety  of  one-half,  we  find  for  steel  with  an  elastic  limit  of 
30  000    pounds    to    the     square    inch,    and    E    =    21  000  000,    F  = 

-^  d  15  000  X     I  =  471(/  in  pounds   per  lineal  inch  of  roller. 

Mr.  Morison's  formula  therefore  is  well  within  safe  limits,  and  corre- 
sponds to  a  factor  of  safety  of  one-third,  or  a  maximum  pressure  of  one- 
third  the  elastic  limit.  These  results  also  appear  to  coincide  with 
Professor  Marston's  observations. 

For  cast  iron,  however,  contrary  to  Professor  Marston's  conclusions, 
a  much  greater  weight  per  linear  inch  of  roller  for  the  same  diameter 
may  be  permitted. 

C.  L.  Ckandall,  M.  Am.  Soc.  C.  E. — In  connection  with  the  remarks 
by  Professor  Marston,  on  page  126,  in  regard  to  the  elastic  limit  of  the 
rollers  given  on  Plate  XIX,  it  should  be  stated  that  the  experiments 
were  primarily  for  surface  or  contact  rather  than  for  elastic  limit. 
Still,  whenever  either  roller  or  plate  was  indented  sufficiently  to  be 
apparent  to  the  eye  the  fact  was  noted,  as  it  was  desired  to  keep  within 
the  elastic  limit. 

The  following  abstract  of  an  article  piiblished  in  "Annales  des 
Pontset  Chaussees,"  June,  1893,  by  M.  H.  Deslandres,  describing  some 
experiments  upon  the  deformation  of  plates  and  rollers  under  com- 
pression, will  be  of  interest  in  this  connection  as  showing  the  amount 
of  permanent  set  which  takes  place  with  small  loads,  and  the  point  at 
which  this  set  begins  to  increase  much  faster  than  the  load. 

Three  rollers  were  used,  each  200  mm.  (7.87  ins.)  long;  the  first,  of 
cast  steel,  was  240  mm.  (9.45  ins.)  in  diameter  ;  the  second,  of  cast 
iron,  was  120  mm.  (4.72  ins.)  and  the  third,  of  cast  iron,  was  160  mm. 
(6.30  ins.)  in  diameter.  The  plates  were  all  cast  iron,  200  mm.  (7.87 
ins.)  wide,  and  80  mm.  (3.15  ins.)  thick. 

Seven  equidistant  sections  were  marked  upon  the  rollers  and  plates, 
and  the  compressed  diameter  at  each  section  of  the  roller  was  com- 
pared with  the  diameter  at  an  angle  of  45^  with  it  by  a  calliper  scale 
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divided  to  hundredths  of  a  millimeter  (0.0004  in.),  which  was  capable 
of  being  read  with  a  maximum  error  of  to^o  Tarn..  The  indentation  of 
the  plate  with  reference  to  the  surface  on  each  side  of  the  line  of  con- 
tact was  measured  at  each  of  the  seven  corresponding  sections  bv  a 
plane-tester  reading  to  the  same  fineness. 

With  the  steel  roller  the  permanent  deformation  is  only  given  for  a 
small  range  of  loading,  for  which  range  it  is  constant  and  nearly  zero. 

For  the  plates  compressed  by  the  steel  roller  the  permanent  indenta- 
tion begins  with  a  load  of  0.2-5  kgr.  per  square  millimeter  of  diametri- 
cal section,  =  356  lbs.  per  square  inch,  =  3  360  lbs.  per  lineal  inch  of 
roller,  and  increases  directly  with  the  load  to  0.833  kgr.  per  square 
millimeter,  =  1  185  lbs.  per  square  inch,  =  11  200  lbs.  per  lineal  inch, 
for  which  the  indentation  =  0.45  cu.  mm.  =0.0002  in.  The  next  in- 
crement of  25^  to  the  load  increases  the  indentation  over  120%", 
passing  what  the  author  calls  the  critical  pressure. 

For  the  small  east  roller,  the  deformation  is  proportional  to  the 
load  up  to  1.042  kgr.  per  square  millimeter,  =  1  482  lbs.  per  square 
inch,  =  7  000  lbs.  per  lineal  inch  of  roller,  for  which  the  diameter  is 
shortened  0.45  cu.  mm.  =  0.0002  in. 

The  next  increment  of  20%  to  the  load  adds  7S%  to  the  deforma- 
tion. 

For  the  large  cast  roller,  the  deformation  is  proportional  to  the 
load  U13  to  0.443  kgr.  per  square  millimeter,  =  630  lbs.  per  square 
inch,  =  3  970  lbs.  per  lineal  inch,  for  which  the  diameter  is  shortened 
0.30  cu.  mm. ,  ==  0. 0001  in.  The  next  increment  of  41%  to  the  load 
adds  123%  to  the  compression. 

The  author  concludes  that  0.44  kgr.  per  square  millimeter  is  the 
theoretical  limit  for  the  cast  rollers,  giving  a  deformation  not  over 
¥o  u^TTTj  of  the  radius,  while  in  practice  he  would  limit  the  safe  load  to 
0.22  kgr.  =  313  lbs.  per  square  inch  of  diametrical  section. 

For  cast  plates  with  steel  rollers  he  places  the  limit  •*■  less,  or  0.18 
kgr.  =  256  lbs. 

These  values  are  slightly  in  excess  of  the  250  d  of  equation  (18) 
iised  bv  Mr.  George  S.  Morison. 
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THE  QUALITY  OF  WATER  SUPPLIES. 


By  John  W.  B.tll,  M.  Am.  Soc.   C.  E. 
Read  at  the  Annual,  Convention,  June,  1894. 


WITH  DISCUSSION. 


The  presentation  to  the  Society  of  a  paper  on  the  self-purification 
of  streams,  by  Dr.  Charles  G.  Currier,*  and  one  on  fresh  water  algae, 
by  George  W.  Rafter,!  M.  Am.  Soc.  C.  E.,  is  the  writer's  apology  for 
offering  a  paper  on  a  subject,  which,  from  its  title,  might  seem  better 
addressed  to  a  health  congress  than  to  a  society  of  engineers.  But 
health  boards  and  medical  societies  are  usually  jjowerless  to  rectify 
the  evils  to  which  attention  is  called  by  this  paper.  They  may  raise 
objections  to  existing  conditions,  and  propose  remedies,  but  to  the 
engineer  is  finally  entrusted  the  work  of  design  and  construction. 
Moreover,  if  the  engineer  engaged  on  a  work  of  public  water  supply 
makes  no  mistake  in  selecting  the  source,  or,  the  source  being  open  to 
suspicion,  he  adopts  the  proper  remedies  to  avoid  injury  to  the  con- 
sumers of  water,  then  no  question  can  be  raised  by  health  boards  and 
medical  associations.     After  all,  it  seems  that  health  officers,  physi- 

*  Trans.  Am.  Soc.  C.  E.,  Vol.  XXIV,  page  21. 
t  Trans.  Am.  Soc.  C.  E.,  Vol.  XXI,  page  483. 
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cians  and  analysts  of  water  supplies  can  only  demonstrate  the  evils, 
and  aid  the  engineer  in  determining  the  cause,  while  the  processes  or 
devices  for  meeting  or  avoiding  the  danger  are  j)urely  engineering 
problems,  and  as  such  should  always  be  worthy  of  attention  at  our 
hands. 

To  members  of  the  Society  engaged  in  designing  or  operating 
works  of  public  water  supply,  any  inquiry  into  the  quality  of  drinking 
water  is  usually  always  welcome,  and,  while  the  writer  does  not  expect 
to  offer  any  new  facts,  he  hopes  to  be  able  to  present  some  of  the  old 
ones  in  a  way  to  carry  conviction  to  doubting  minds,  of  one  of  the 
principal  dangers  which  now  invests  our  sources  of  drinking  water. 

It  is  believed  that  water  is  a  carrier  of  certain  diseases,  namely, 
cholera,  typhoid  fever  and  diarrhoea,  and  that  the  specific  germ  is 
transmitted  from  the  sick  to  the  well  through  the  medium  of  drinking 
water.  > 

It  is  also  held  by  some  investigators  that  the  breaking  up  of  vege- 
table detritus  in  drinking  water  may  be  the  cause  of  disease,  and  it  is 
well  known  that  mineral  poisons  may  be  imbibed  in  drinking  water. 

Cholera  is  said,  by  Dr.  Shakespere  and  others,  to  originate  de  novo 
in  India,  from  the  contamination  of  their  drinking  water  by  the  filth 
of  the  native  inhabitants,*  and  epidemics  of  ty^jhoid  fever  and  diar- 
rhoea have  been  traced  to  wells, f  or  other  sources  of  water  sujDply,  or 
to  the  ice  used  in  cooling  water,  |  the  germs  of  disease  being  locked 
up  in  the  ice  and  released  upon  its  melting  in  the  water. 

Now,  while  wat6r  is  held  to  be  a  carrier  of  disease  germs,  the  writer 
is  not  aware  that  any  investigator  has  ever  claimed  to  have  seen  these 
germs  in  water,  even  under  the  highest  powers  of  the  microscope  ; 
and  the  evidence  that  water  is  such  a  carrier  of  pathogenic  bacteria  is 
obtained  by  inoculation  from  water  samples,  of  nxitrient  media  in  test 
tubes,  or  on  culture  plates. 

Thus,  by  methods  quite  indirect  and  open  to  grave  errors  of  judg- 
ment in  the  hands  of  any  but  an  expert,  the  fact  of  water  carrying  the 
spores  of  disease  germs  is  established. 

To  those  who  have'  given  the  subject  of  bacteria  no  special  study, 
it  is  proper  to  remark  that  the  modern  methods  of  bacteriology  have 

*  •'TJ.  S.  Hep.  ou  Cholera  in  Europe."    Dr.  Edward  O.  Shakespere,  1890. 
t  "  Bacteriological    Study  of  Drinking  Water."    Dr.  Victor  C.  Vaughau,   Ann   Arbor, 
Mich.,  1892. 

t  "  Water  Supply."    W.  E.  Nichols,  1883. 
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clearly  proven  that  the  soil,  air  and  water  swarm  with  bacterial  life, 
and  that  countless  micro-organisms  and  presumably  organisms  which 
cultivation  and  the  microscope  have  not  yet  revealed,  are  steadily  at 
work  feeding  upon  and  destroying  the  organic  matter  in  these  elements, 
and  that  we  who  drink  water  and  inspire  air  are  taking  into  the 
system  thousands  of  these  bacteria  or  their  spores  every  day  of  our 
lives,  from  which  it  follows  that  first,  all  these  bacteria  are  not  patho- 
genic in  character;  or,  second,  the  condition  of  the  circulation  or  tissues 
of  the  human  system  are  such  as  to  repel  their  action  and  deprive  them 
of  a  fertile  soil,  both  of  which  are  known  to  be  true. 

Of  the  so-called  pathogenic  bacteria,  only  a  few  have  been  proven 
to  be  the  cause  of  disease,  and  of  those  which  are  known  to  accom- 
pany disease,  although  they  may  not  cause  it,  they  are  said  to  be  only 
active  when  brought  in  contact  with  a  vitiated  circulation,  or  with 
surface  or  internal  lesions. 

There  can  be  no  blood  poisoning,  excepting  the  germ  of  "sep- 
ticfemia  "  be  introduced  into  the  circulation,  and  it  can  be  introduced 
into  the  circulation  only  through  a  lesion  of  the  skin  or  membrane. 

So  long  as  water  contains  organic  matter  in  jirocess  of  destruction, 
so  long  will  bacteria  be  present  in  water,  and  some  of  these  may  be 
pathogenic  bacteria,  and  lay  the  foundation  for  dangerous  disease. 

In  considering  the  number  of  colonies  of  bacteria  per  unit  of  vol- 
ume in  a  given  water  sample,  it  has  been  assumed  that  the  number 
bears  a  just  relation  to  the  amount  of  organic  matter  in  such  water,  and 
that  any  treatment  of  the  water  which  diminishes  the  number  of  colo- 
nies of  bacteria  really  does  this  by  reducing  the  quantity  of  organic 
matter  upon  which  such  bacteria  subsists.  If  all  the  bacteria,  by  any 
process,  are  removed  from  a  sample  of  water,  it  is  held  that  such  water 
has  been  wholly  deprived  of  organic  matter,  and,  conversely,  bacteria 
or  other  organisms  harmless  or  harmful  (to  human  life)  cannot  survive 
in  a  water  wholly  deprived  of  organic  matter  in  a  state  of  dissolution. 
It  is  possible  that  an  absolutely  pure  water  might  be  the  carrier  of  a 
disease  germ  which  accidentally  came  into  it,  but  it  is  not  likely  that 
such  germs  could  long  subsist  in  a  water  deprived  of  pabuhim  for 
them,  and  they  would  soon  perish  for  lack  of  subsistence,  for  bacteria, 
like  any  other  vegetable  growth,  must  have  the  joroiJer  nourishment,  to 
sustain  life. 

The  simijle  knowledge  that  organic  matter  exists  in  water,  without 
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a  knowledge  of  its  source,  is  not  worth  niueli.  Sugar  is  organic  mat- 
ter; so  is  excreta.  Sugar  in  water  would  not  be  considered  dangerous; 
excreta  in  water  would  be  Mghly  dangerous.  Any  organic  matter  in 
water  will  show  an  excess  of  ammonias  above  the  normal,  whether  this 
be  derived  from  safe  organic  compounds  or  from  decomi^osing  wastes; 
hence,  a  knowledge  of  the  organic  matter,  independent  of  the  knowl- 
edge of  the  kind  of  source  of  such  matter,  does  not  furnish  reliable  in- 
formation upon  the  quality  of  a  water  sample.  The  chemical  test  for 
chlorine  is  usually  relied  upon  to  determine  the  probable  source  of 
organic  matter,  chlorine,  usually  from  animal  urine,  indicating  a 
sewage  origin. 

In  classifying  waters  from  high  elevations,  where  the  probabilities 
of  sewage  contamination  are  small,  and  waters  from  lowland  sources, 
where  the  iDrobabilities  of  sewage  contamination  are  large.  Prof.  Frank- 
land  considers  that  the  source  or  cause  of  pollution  is  more  important 
than  pollution  itself,  and  proposes  that  waters  from  elevated  sources 
may  contain  from  one  and  one-half  to  twice  the  amount  of  organic  ele- 
ments (organic  carbon  and  organic  nitrogen)  of  lowland  waters  and 
still  rank  with  the  latter  of  any  class  (Frankland's  ' '  Analysis  of 
Waters,"  page  94). 

Pabts  pee  100  000  or  Organic  Elements  in  Water. 

Class.,  Upland  source.  Lowland  source. 

1.  Water  of  great  piirity 0. 2  0. 1 

2.  Water  of  medium  purity 0.2-0.4  0.1-0.2 

3.  Water  of  doubtful  purity 0.4-0.6  0.2-0.4 

4.  Impure  water 0.6 -(-  0.4 — 

The  bodies  of  fresh  water  at  lowest  elevation  of  any  geographical 
system  are  the  rivers  and  lakes,  and  these  are  essentially  the  channels 
of  discharge  for  the  sewage  of  organized  communities,  as  well  as  for 
that  larger  volume  of  decomposable  wastes  in  the  surface  drainage 
from  urban  and  agricultural  territory;  hence,  organic  matter  in  low- 
land waters,  whether  of  rivers  or  lakes,  is  generally  from  sewage  or 
semi-sewage  sources,  while  organic  matter  in  the  waters  gathered  at 
high  elevations  is  generally  the  result  of  vegetable  detritus  in  the  run- 
off of  rainfall  on  unimproved  or  virgin  water-sheds. 

Chemistry  enables  us  to  determine  as  compounds  containing  nitro- 
gen the  organic  matter  in  solution,  while  the  microscope  assists  us  in 
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the  examination  of  the  organic  matters  in  suspension,  but  in  doing  so 
it  has  this  advantage  over  chemistry,  in  that  the  examination  is  direct 
and  not  so  much  dependent  on  the  personal  equation  as  the  results  of 
chemical  analysis. 

A  sample  of  rich  sewage  under  microscopical  observation  will  show 
micro-organisms  capable  of  identification,  together  with  masses  of  loose 
flocculent  matter,  which  some  term  amor^Dhous  matter,  but  which  the 
WTiter  has  indicated  in  his  notes  of  tests  as  broken-up  albuminous  and 
cellulose  matter.  Such  a  sample,  under  continuous  examination,  will 
show  a  reduction  of  this  loose  matter,  and  in  due  time  it  will  alto- 
gether disa23pear,  the  micro-organisms  absorbing  it,  to  su^Dport  life; 
and  with  the  disappearance  of  organic  matter,  there  is  a  reduction  of 
the  vegetable  and  animal  life  in  the  water  sample. 

It  is  sometimes  asserted  that  certain  organisms  are  only  found  in 
good  water,  but  the  writer  has  observed,  for  instance,  Copepoda  in 
good  cistern  water,  as  well  as  in  water  known  to  be  defiled  by  house- 
hold wastes.  If  Copepoda  alone  were  found  in  a  water  sample,  the 
writer  should  not  regard  it  as  bad;  but  if  associated  with  other  and 
lower  animal  organisms  and  the  lower  kinds  of  filamentous  algje,  he 
would  consider  such  water  as  unsafe  for  drinking  purposes.  What  is 
true  of  this  particular  organism,  which  is  commonly  found  in  soft 
waters,  is  true  of  any  other  organism  supposed  to  inhabit  jnire 
water. 

In  order  to  approach  the  question  of  water  pollution  properly,  it 
must  be  borne  in  mind  that  while  polluted  water  is  held  to  be  the 
cause  of  certain  diseases,  exactly  how  it  acts  on  the  human  system  is 
not  well  known.  Bacteriologists  generally  regard  the  Koch  cholera 
bacillus,  and  the  Eberth  typhoid  bacillus,  as  the  causes  of  these 
diseases,  but  this  view  is  not  shared  by  all  jahysicians  as  it  should  be 
if  the  proof  of  cause  was  sufficient,  although  common  prudence 
should  decide  us  in  rejecting  any  water  known  to  contain  the  cholera 
or  typhoid  bacilli,  whether  these  germs  be  regarded  as  the  cause  or 
result  of  disease,  since  they  indicate  the  j)resence  of  the  cause  if  not 
the  cause  themselves. 

The  presence  of  putrefactive  bacteria  in  a  water  sample  is  an  evi- 
dence of  decomposition  going  on  in  the  water,  but  the  disease,  if  any 
be  derived  from  the  use  of  such  water,  may  not  be  due  to  the  bacteria  at 
all,  but  to  some  ptomaine  obtained  from  the  decomposition  of  the  or- 
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ganic  matter,  or,  as  Professor  Vatighan  terms  it,  to  some  "  toxico- 
genic  "  property  of  tlie  water.* 

While  water  may  be  a  carrier  of  the  cause  of  cholera,  diarrhoea  and 
typhoid  fever,  it  is  only  the  latter  in  which  we  are  specially  interested. 
Cholera  may  never  arise  de  novo  in  this  country,  and  diarrhoea  traceable 
to  a  polluted  water  supjjly  is  seldom  fatal,  while  typhoid  fever  is 
with  us  always,  and,  apparently,  in  all  localities,  and  its  ravages  of  the 
young,  the  bright,  and  the  promising,  are  more  to  be  dreaded  than  any 
of  oiir  infectious  diseases,  if  we  may  except  diphtheria,  and,  in  the 
writer's  opinion,  it  is  more  dreadful  than  diphtheria,  because  the  latter 
is  usually  confined  to  the  very  young  and  undeveloped,  while  typhoid 
strikes  down  its  victims  as  it  were  when  they  are  on  the  very  threshold 
of  life  ;  and,  in  discussing  the  danger  of  a  jjolluted  water  supply,  it 
Avill  be  from  the  single  standpoint  of  its  influence  in  the  propagation 
of  typhoid  fever;  although  it  may  be  well  to  remark,  that,  apart  from 
the  specific  germs  or  sources  of  the  diseases  mentioned,  water  may 
contain  common  putrefactive  bacteria  which  may  not  be  hurtful  in 
themselves,  but  which  indicate  the  probability  of  the  presence  of  organic 
matter  in  some  of  which  there  may  be  danger,  f 

The  pumping  of  water  for  domestic  uses  from  a  source  known  to  be 
l^olluted  by  sewage  or  otherwise  cannot  be  too  strongly  condemned. 
The  delivery  of  water  containing  the  elements  of  fatal  disease  to  a  con- 
fiding and  helpless  community,  partakes,  in  the  writer's  opinion,  of  the 
worst  kind  of  criminality,  and  no  one  engaged  in  such  work  who  is 
aware  of  this,  or  who  refuses  to  apply  the  tests  which  will  reveal  the 
danger,  if  it  exists,  can  hope  to  escape  censure,  even  if,  for  lack  of 
laws,  he  may  escape  a  just  punishment  for  his  crime. 

An  attempt  to  kill  people  by  the  systematic  distribution  of  a  deadly 
13oison  would  be  met  by  the  prompt  arrest  and  punishment  of  the 
offender,  but  the  delivery  of  a  water  for  domestic  uses  as  fatal  to  some 
as  a  dose  of  strychnine  is  jiermitted  without  a  word  of  complaint. 
Why  is  this  ?  Must  we'  shut  our  eyes  to  the  fact  that  polluted  water 
is  dangerous  to  health  ?  Must  we  reject  the  results  of  the  work  of  the 
patient  investigators  who  have  demonstrated  over  and  over  again  that 
danger,  often  death,  lurks  in  our  drinking  water  ?  Or  shall  we  recog- 
nize the  i^eril  and  address  ourselves  to  the  task  of  rectifying  an  evil 

*  "  A  Bacteriological  Study  of  Drinking  Water,"  by  Dr.  V.  C.  Vaughan,  1892. 
t  Parkes'  "  Manual  of  Practical  Hygiene,"  1883. 
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greater  than  any  other  connected  with  the  art  of  engineering  ?  For 
the  saving  of  human  life,  whether  accomplished  by  medical  remedies 
or  the  sanitary  arts,  is  the  noblest  work  to  which  man  can  set  his 
hand. 

The  difficulty  of  procuring  a  satisfactory  supply  of  potable  water 
for  large  or  even  small  communities,  is  well  understood  by  the  engi- 
neers engaged  in  this  line  of  work.  Sources  of  supply,  which  10  or 
15  years  ago  were  thought  to  be  safe  in  a  sanitary  aspect,  are  now 
02)en  to  grave  susjncions  of  quality;  and  it  is  not  extravagant  to  assert 
that  few  of  the  larger  cities  of  the  country  enjoy  a  jDublic  soiirce  of 
water  supply  which  satisfies  the  ordinary  requirements  of  a  potable 
water. 

The  increased  sewage  pollution  of  rivers  and  lakes  which  might 
furnish  a  safe  drinking  water  is  jDartly  responsible  for  the  difficulties 
surrounding  this  problem.  But,  apart  from  the  special  sewage  pollu- 
tion by  organized  communities,  there  is  a  pollution  of  streams  and 
lakes  by  the  ordinary  surface  drainage  from  agricultural  water-sheds 
which  often  renders  the  waters  of  such  unfit  for  drinking  purposes. 

Several  years  ago  in  discussing  this  question,  the  writer  took  the 
ground  that,  as  the  proportion  of  water  used  for  drinking  purposes 
was  lo  per  cent.,  or  less,  of  the  whole  quantity  consumed  by  the  takers 
from  a  public  source,  the  better  plan  was  not  to  attempt  to  secure  the 
whole  supply  of  potable  quality,  but  to  render  any  water  available  fit 
for  drinking  purposes  by  domestic  filtration.  Later  exi^erience  satis- 
fies him  that  this  plan  will  not  answer  for  several  reasons : 

1.  All  consumers  of  a  jiublic  water  supply  cannot,  or  will  not,  use 
domestic  filters. 

2.  There  is  no  domestic  filter  which  is  absohitely  proof  against  the 
dangers  of  polluted  water.  * 

3.  Even  if  a  satisfactory  filter  was  obtainable,  it  is  doubtful  if  the 
average  householder  would  give  this  the  attention  it  would  require  to 
keei5  it  at  all  times  in  condition  to  act  as  a  safeguard. 

In  view  of  which  the  writer  has  reached  the  conclusion  that,  if  the 
consumer  is  to  have  a  safe  drinking  water,  it  must  come  to  him  in  this 
condition  through  the  public  water  mains.  In  other  words,  the  matter 
of  purity  must  be  looked  after  by  the  municipal  corj^oration,  or  the 
water  company.  The  prevalence  of  typhoid  fever  in  many  cities  and 
*  farkes,  "  Practical  Hygiene,"  1892. 
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towns  haying  a  public  water  supj^ly  is  evidence  of  tlie  water  now  gen- 
erally furnished  to  consumers  as  being  unpotable,  and  that  the  muni- 
cijjal  corijorations,  or  the  water  companies,  are  furnishing  to  their 
consumers  the  spores,  or  organized  bacilli  of  the  Eberth  germ,  or 
material  from  which  the  specific  virus  of  typhoid  is  generated. 

In  sjaeaking  of  the  typhoid  bacillus  in  water,  it  should  be  remarked 
that  this  has  never  been  seen  with  the  microscope  -nithout  previous 
cultivation  of  the  germ  in  nutrient  media.  Nor  has  it  ever  been  de- 
monstrated, so  far  as  the  writer  is  aware,  that  the  presence  of  bacilli 
in  water  can  be  proven,  excepting  by  delicate  and  difficult  bacterio- 
logical processes.*  It  is  well  understood  that  the  infective  element  of 
typhoid  fever  can  be  present  in  water  and  the  chemical  test  be  power- 
less to  disclose  it.f 

In  his  excellent  treatise  on  Sewage  Disposal,  Mr.  Rafter  aptly 
remarks  "that  absolute  immunity  from  danger  (by  sewage  pollution  of 
water  sui^plies)  cannot  be  hoped  for.  There  will  always  be  some  risk, 
even  after  the  best  has  been  done  that  is  possible  in  any  given  case. 
And,  so  far  as  public  water  supplies  are  concerned,  the  true  remedy 
lies  in  the  direction  of  an  absolutely  uncontaminated  source. ";{: 

The  only  objection  that  can  be  raised  to  Mr.  Rafter's  method  of 
securing  an  undefiled  water  supply  is  the  great  difficulty  of  its  general 
application.  For  small  communities  requiring  but  a  few  hundred 
thousand  gallons  of  water  per  diem,  a  sujjply  of  jjotable  water  can 
often  be  had  from  deep  driven  wells;  but  for  large  cities  using  many 
millions  of  gallons  daily,  siich  a  source  of  supply  is  out  of  the  ques- 
tion. It  is  doubtful  if  the  water  gathered  on  inhabited  and  improved 
water-sheds  and  impounded  in  large  reservoirs  for  city  supply,  can  be 
regarded  as  absolutely  safe  water  for  drinking  purposes.  Neither  is 
it  jjroper  that  lakes  without  current  or  circulation,  and  often  the 
receivers  of  city  sewage,  should  be  considered  as  undefiled  sources  of 
sujjply. 

Rivers  receiving  the  sewage  of  cities  and  towns  on  their  banks,  and 
on  the  banks  of  their  tributaries,  certainly  are  not  within  the  limita- 
tion of  Mr.  Rafter's  sources,  and  where,  then,  are  we  to  obtain  the  large 
volumes  of  water  daily  required  by  our  larger  cities,  and  have  the  same 
free  from  contamination  at  its  source  ?     Cities  located  in  the  moun- 

*  Sternberg,  "  Manual  of  Bacteriology,"  1893. 

t  Frankland,  "  Water  Analysis,"  1890. 

t  Sewage  Disposal,  by  Geo.  W.  Kafter  and  M.  X.  Baker,  1894. 
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tainous  regions  can  impound  water  at  elevations  so  high  as  to  avoid 
pollution  from  all  sources  but  the  atmosphere,  and  this,  as  well  as 
water,  is  always  purer  than  in  the  valleys  and  on  the  lowlands.  But 
for  the  larger  cities  of  the  middle  States,  having  no  mountain  sources 
within  practical  reach,  and  without  visible  sources  of  supply  which 
will  satisfy  Mr.  Rafter's  requirements,  our  only  resource  is  to  accept 
such  water  as  is  available  in  large  quantities,  and  so  deal  with  it  as  to 
render  it  innocuous  to  health. 

It  is  too  frequently  asserted  or  implied  in  text  books  and  reports  on 
sewerage,  that  the  noxious  projaerties  of  sewage  are  destroyed  or  safely 
mitigated  by  proi^er  dilution,  but  if  sewage  should  be  the  carrier,  as  it 
undoubtedly  often  is,  of  pathogenic  germs,  how  can  dilution  remove 
them  ?  It  may  reduce  the  number  per  unit  of  volume  of  the  mixed 
sewage  and  "water,  but  the  germs  are  still  there,  and  when  taken  into  the 
system  through  drinking  water,  may  produce  just  as  serioiis  results  to 
just  as  many  peojjle  as  if  no  dilution  had  occurred.  Dilution  may  re- 
duce the  chances  of  any  single  individual  imbibing  a  fatal  germ,  but 
the  germ  itself  will  be  just  as  dangeroiis  when  it  is  imbibed.  In  speak- 
ing of  germs  in  this  connection,  it  must  be  understood  that  they  are 
not  limited  to  organized  bacteria,  but  are  meant  to  include  any  toxic 
property  of  water  which  may  be  derived  from  a  sewage  source. 

The  common  opinion  that  the  number  of  germs  in  a  water  samjile 
is  an  index  of  its  potability  is  apparently  not  well  founded;  for  in- 
stance, from  Dr.  Victor  C.  Vaughan's  extensive  and  able  investigation 
of  Michigan's  waters,  we  note,  that  water  from  Torch  Lake,  Mich., 
containing  5  284  germs  per  cubic  centimeter  in  a  beef  tea  solution  was 
fatal  to  rats,  and  well  water  from  the  same  place,  containing  only  20 
germs  per  cubic  centimeter  in  a  culture  of  beef  tea,  was  also  fatal  to 
rats.  Both  of  these  waters  were  suspected  of  being  the  cause  of 
typhoid  fever.  Kiver  water  from  Mount  Pleasant,  Mich.,  containing 
3  000  germs  per  cubic  centimeter  in  a  culture  of  beef  tea,  had  no 
effect  on  rats,  while  artesian  water  from  Gladwyn,  Mich.,  contain- 
ing 10  germs  jaer  cubic  centimeter  in  the  same  culture,  was  fatal  to 
guinea  pigs.  Lake  water  from  Soudan,  Minn.,  containing  459  germs 
per  cubic  centimeter  in  the  same  culture,  had  no  effect  on  rats,  while 
well  water,  also  from  Soudan,  containing  four  germs  per  cubic  centi- 
meter in  the  same  culture,  was  fatal  to  rats.*  Of  course.  Dr. 
*  "  A  Bacteriological  Study  of  Drinking  Water,"  by  Dr.  V.  C.  Vaiighan. 
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Vaughan's  tables  contain  illustrations  tlie  opposite  of  these,  but  these 
demonstrate  clearly  that  the  number  of  germs  is  not  a  safe  index  of 
the  qiiality  of  the  water  sample  (see  Sternberg's  "  Manual  of 
Bacteriology,"  page  558). 

What  is  desired  is  not  so  much  that  the  germs  be  reduced  to  a 
small  number,  as  it  is  to  eliminate  altogether  those  of  a  pathogenic 
character.  A  man  in  jumping  a  brook  must  accomplish  the  feat  in  one 
leap.  He  cannot  jump  half  way  across  and  rest,  and  then  jump  the 
other  half  at  his  convenience.  So  it  seems  to  me  in  dealing  with  the 
subject  of  water  purification;  we  cannot  partially  purify  it,  and  then 
deliver  it  to  the  consumers,  without  great  risk.  The  bacteria,  or  other 
cause  of  disease,  must  be  wholly  eliminated,  or  we  will  be  in  the  i^re- 
dicament  of  the  man  who  attempts  to  cross  the  brook  in  two  jumps, 
we  will  be  worse  off  than  if  we  had  remained  on  the  hither  side;  for 
a,  partial  purification  of  our  drinking  water  will  beget  a  feeling  of 
seciirity  which  is  false  and  may  lead  to  serious  results,  while  no 
attempt  at  purification  at  all  will  leave  us  on  our  guard  against  a  pol- 
luted water,  and  cause  us  to  avoid  the  drinking  of  it  altogether. 

In  reports  of  filters  tested  for  the  reduction  of  bacteria  it  is  cus- 
tomary to  state  the  condition  of  the  water  in  bacteria  per  cubic  centi- 
meter before  and  after  filtration.  These  are  given  as  the  average  per 
cubic  centimeter  and  often  the  number  after  filtration  may  be  as  low 
as  three  or  four,  and  the  writer  has  seen  it  stated  as  low  as  one  i^er 
cubic  centimeter.  An  ordinary  drinking  tumbler  contains  half  a  pint, 
or  about  230  cu.  cm.,  and  with  the  best  of  filtrated  water  so  low  in 
bacteria  as  one  or  two  per  cubic  centimeter,  a  person  may  imbibe  from 
250  to  500  bacteria  in  drinking  a  single  glass  of  water,  some  of  which 
may  be  pathogenic  and  produce  typhoid  fever,  or  some  other  less  dan- 
gerous disease. 

Heretofore  the  writer  has  concurred  in  the  popular  belief  that  ordi- 
nary filtration  of  polluted  water  through  some  of  the  well-known  modern 
filters  would  render  it  reasonably  safe  for  drinking  purposes,  but  from 
recent  investigations  of  his  own  he  is  compelled  to  abandon  this  view. 
In  the  case  of  Cincinnati,  with  which  he  is  familiar,  the  public  water 
of  which  is  notoriously  unfit  for  drinking,  nearly  every  public  house 
and  many  business  establishments  are  sui^plied  with  some  form  of  sand 
filter  or  with  the  Pasteur  filter,  and  yet  Cincinnati  takes  high  rank  for 
its  number  of  cases  and  deaths  from  tyi^hoid  fever. 
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Dr.  Frederick  Kebler,  a  skillful  bacteriologist  and  eminent  physi- 
cian, informs  the  writer  that  even  the  celebrated  Pasteur  filter  is  not 
proof  against  the  passage  of  bacteria;  that  these  attach  themselves  to  the 
outside  of  the  porous  porcelain  tube,  and,  by  growth  and  fission, 
eventually  apjaear  ujion  the  inside  of  the  tube,  and  may  be  found  in 
the  filtered  water;  and,  from  the  writer's  own  examination  of  a  section 
of  a  Pasteur  filter  tube  under  the  microscope,  he  conceives  that  the 
pores  are  large  enough  to  pass  bodies  of  considerable  magnitude,  i.  e., 
from  a  microscoi^ic  standpoint. 

Filtration  through  a  Pasteur  tube  can  accomjjlish  no  nitrification 
by  bacterial  agency,  and  poisons,  or  the  base  of  ptomaines  in  solution, 
are  certain  to  be  found  in  the  filtered  water. 

It  is  said  by  the  manufacturers  that  the  porosity  of  a  Pasteur  filter 
is  equivalent  to  1  micron  (u),  or  -aj^y-o  in.  Now,  the  average 
diameter  or  thickness  of  a  typhoid  bacillus  is  }  micron  (u),*  and 
the  spores  very  much  less.f  From  which  it  aj^pears  that  the  Pasteur 
filter  tube  is  ojsen  to  the  unrestricted  passage  of  the  germs  and  their 
spores,  if  such  should  have  a  habitat  in  the  water. 

There  being  no  nitrification  in  passing  throiigh  a  Pasteur  tube,  no 
change  can  possibly  be  effected  in  the  organic  matter  in  sohition  in 
the  water.  For  this,  as  we  understand,  can  only  be  accomplished  by 
boiling,  chemical  reactions,  or  by  the  nitrifying  action  of  bacteria.  In 
this  respect  a  sand  filter,  pi-operly  constructed  and  worked,  should 
yield  a  better  filtrate  than  a  Pasteur  filter.  But,  as  sand  filters  are 
usually  worked,  it  is  probable  that  they  not  only  fail  to  remove 
organic  matter  in  solution,  but  some  of  that  in  suspension  may  pass 
through,  the  only  test  of  the  filtrate  being  its  limpidity,  and  it  is 
well  known  that  waters  may  be  clear  as  crystal  and  still  contain  much 
organic  matter  in  suspension,  and  all  it  ever  had  in  solution.  Clear 
water  may  be  very  dangerous  water,  as  witness  some  of  the  spring 
waters  sold  in  Boston  and  vicinity  recently  tested  by  Prof.  T.  M.  Drown.  % 

The  so-called  sanitary  tests  of  water  by  chemists,  when  unsup- 
ported by  careful  microscopic  tests,  and  this  again  fortified  or 
checked  by  tube  and  plate  cultures  from  the  water  sample  in  question, 
cannot  be  accepted  as  proof  of  quality,   since  "the  existence  of  an 

*  Cruiksbank.  "  Manual  of  Bacteriology,"  1890. 

t  Rafter  &  Baker,  "Sewage  Disposal."  1894. 

J  Twenty-third  Annual  Report,  Mass.  State  Board  of  Health. 
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infectious  property  in  water  cannot  be  proved  by  cliemical  analysis 
alone."* 

The  Pasteur  filter  acts  simply  as  a  very  fine  strainer,  and  is  capable 
only  of  removing  impurities  in  suspension  in  the  water,  impurities  in 
solution  being  -nholly  unaffected  by  it.  If  the  -water  upon  which  the 
filter  acts  is  already  chemically  pure,  and  it  is  desired  to  remove  organic 
matter  in  susjjension,  such  as  animal  and  vegetable  organisms,  clay 
silt,  etc.,  then  the  filter  can  be  relied  upon  to  restrain  these  in  passing 
through  the  tube.  The  popular  idea,  shared  by  many  physicians,  that 
the  Pasteur  filter  is  a  safeguard  against  all  manner  of  impurities  in 
water  is  a  fallacy.  A  sewage-polluted  water  may  be  as  dangerous  to 
health  after  it  has  been  run  through  a  Pasteur  filter  as  it  was  before. 

To  satisfy  himself  upon  this  question,  the  writer  has  run  through 
Pasteur  filter  tubes  solutions  of  aniline  purple,  suljjhate  of  quinine, 
sugar,  starch,  sulj^hate  of  copper  and  carmine,  and  has  recovered  in 
the  filtrate  all,  or  nearly  all,  of  the  original  weight  of  the  solid  in 
solution.  In  making  this  test  generally  1  gr.  of  the  solid  was  dissolved 
in  200  cu.  cm.  of  distilled  water. 

Of  late  years  many  Pasteur  and  sand  filters  have  been  installed  in 
Cincinnati,  and  the  general  belief  is  established  among  the  i^eojale 
that  water  from  them  is  deprived  of  pathogenic  iJrojDerties,  and  yet 
the  case  and  death  rate  from  typhoid  fever  seems  to  be  unaffected 
by  their  use.  The  writer  thinks  this  is  due  to  the  fact  that  the 
spores  or  th^  bacilli  of  the  typhoid  germ  (if  such  exist  in  water  in  a 
develojjed  state),  as  well  as  any  poisons  in  a  solution,  pass  un- 
changed through  the  jiores  of  the  tiibe.  The  porosity  of  the  Pasteur 
tube  is  probably  much  less  than  that  of  any  sand  filter  in  use  in 
the  city,  and  any  matters  not  intercejited  by  a  Pasteur  t\ibe  would 
l^ass  with  less  restriction  through  the  bed  of  sand.  The  writer  does 
not  iinderstand  that  any  claim  of  nitrification  is  made  for  the  com- 
mon continuous  sand  filter,  but  that  this,  like  the  Pasteur,  is  expected 
to  act  simply  as  a  very  fine  strainer. 

Of  course,  it  is  unreasonable  to  suppose  that  all  typhoid  cases  in 
Cincinnati  can  be  traced  to  the  use  of  water  from  Pasteur  and  other 
filters,  but  in  some  cases  it  can  be  so  traced.  A  single  case  wherein 
filtered  water  alone  was  used  as  a  beverage  raises  a  just  suspicion  of 
the  capacity  of  the  filter  to  effectually  restrain  the  typhoid  bacillus  or 
*  Fraukland  Water  Analysis,  1880. 
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its  spores  from  passing  througli  the  porcelain  tube  or  bed  of  sand,  or 
raises  a  doubt  of  the  Eberth  bacillus,  or  any  other  water  bacteria, 
being  the  true  cause  of  typhoid  ;  and  this  siiggests  that  the  germ 
theory  of  disease,  so  ably  expounded  by  Pasteur  and  Koch,  is  not  uni- 
versally accepted,  many  still  holding  to  the  Leibig  theory,  namely, 
"that  disease  is  due  to  organic  matter  in  process  of  decay  communi- 
cating the  elements  of  decomposition." 

It  is  known  that  a  Pasteur  filter  after  it  has  been  in  use  for  some 
time  may  permit  the  passage  of  bacteria,  and  it  w411  be  necessary  at 
frequent  intervals  to  subject  the  tubes  to  a  high  temperature  for 
the  purpose  of  destroying  all  organic  matter  contained  in  the  porous 
porcelain.* 

Dr.  Currier  has  shown  that  plate  cultivations  of  bacteria  can  be 
made  from  water  after  it  has  passed  through  a  Pasteur  filter,!  indicat- 
ing that  such  water  is  not  sterilized.  It  has  been  stated  that  the 
channels  through  the  Pasteur  tube  are  said  by  the  makers  in  this 
country  to  be  about  05000  iu- ,  or  1  micron,  in  diameter,  if  considered 
as  a  round  perforation.  Now,  many  bacteria  are  less  in  diameter  than 
a  micron  (Oruikshank),  and  the  spores  of  all  bacteria  ai-e  much  less  in 
diameter  than  the  developed  organism.  May  it  not  be  possible  that 
the  smaller  bacteria  or  their  spores  jDass  unchanged  through  the  porous 
Pasteur  tube  ?  The  writer  is  aware  that  this  theory  is  contrary  to  the 
common  belief  that  water  absolutely  sterile  and  fit  for  bacteriological 
purj)Oses  is  obtained  by  this  mode  of  filtration,  but  the  question  is 
submitted  for  what  it  is  worth.  He  feels  safe,  however,  in  asserting, 
from  his  own  observation  here  in  Cincinnati,  that  if  absolutely  sterile 
water  is  obtained  from  Pasteur  filters,  that  the  cause  of  typhoid  fever 
cannot  be  found  in  the  Eberth  bacillus,  but  is  due  to  a  specific  poison 
or  ptomaine  in  the  water,  which  the  filter  is  powerless  to  remove. 

From  experiments  by  Drs.  Frankland  and  TidyJ  on  the  sewage  of 
London  and  other  English  cities,  the  organic  matter  in  solution  will 
range  from  an  equal  amount  to  twice  the  quantity  in  suspension.  Ex- 
periments by  Mr.  Dibden  on  London  sewage  show  the  ratio  of  dis- 
solved to  suspended  matter  to  be  as  1.00  to  0.77,  or,  of  the  organic 
matter  in  sewage,  the  larger  part  is  in  solution  and  wholly  beyond  the 
infiuence  of  any  filter  which  acts  simply  as  a  strainer. 

*  Sternberg,  "  Manual  of  Bacteriology,"  1893. 

Trans.  Am.  Soc.  C.  E.,  Vol.  xxiv. 
JTidy,  "Treatment  of  Sewage,"  1887. 
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The  only  effective  filtration  is  that  in  which  the  organic  matter  in 
solution,  as  well  as  the  suspended  matter,  is  removed  from  the  water, 
and  any  filter  failing  to  do  this  cannot  be  considered  a  success  from  a 
hygienic  standpoint. 

To  determine  the  character  of  any  water  before  and  after  filtration, 
or  of  any  water  about  to  be  adopted  for  public  uses,  tests  should  be 
made  chemically,  for  the  ammonias,  chlorines,  nitrites  and  nitrates, 
for  solids  and  hardness  of  water,  and,  if  suspected,  for  mineral  poisons, 
microscopically  for  the  organisms  and  amorphous  matter;  and  bacte- 
riologically  for  the  bacterial  life  in  the  sample  of  water.  If  the  chemi- 
cal test  fails  to  develop  any  dangerous  matter  in  solution,  if  the  test 
with  the  microscope  shows  no  low  or  objectionable  organisms  and  no 
amorphous  matter,  and  the  test  for  bacteria  reveals  no  pathogenic  or 
parasitic  microbes,  such  water,  in  the  light  of  present  knowledge,  is 
possibly  the  best  for  drinking  purposes  we  can  hope  for. 

The  city  of  Cincinnati  has  been  well  supplied  for  several  years  with 
mechanical  filters,  and  yet,  from  statistics  gathered  by  Dr.  Stallard,  of 
San  Francisco,  this  city,  of  six  in  this  country  and  five  in  England, 
stands  at  the  head  in  mortality  from  typhoid  fever,  having  a  death  rate 
four  and  a  half  times  as  great  as  that  of  London,  higher  than  that 
of  Philadelphia,  and  t-s\-ice  as  great  as  Boston. 

Admitting  typhoid  to  be  a  water-borne  disease,  then  it  appears 
from  its  iDrevalence  in  this  city  (Cincinnati)  that  the  filters  in  use 
here  are  worthless  in  combating  the  cause.  In  other  words,  the 
danger  from  typhoid  seems  to  be  as  great  after  our  water  has  been 
filtered  as  before. 

The  Ohio  Kiver,  before  it  reaches  Cincinnati,  receives  the  sewage 
and  surface  drainage  of  upwards  of  100  cities  and  to^vns,  many 
of  which  have  systems  of  sewers  to  facilitate  the  discharge  of  their 
sewage  into  the  river  or  its  tributaries.  When  the  stream  reaches  Cin- 
cinnati the  dilute  sewage  is  pumped  into  the  reservoirs  and  served  to 
the  people.  What  is  true  of  the  river  at  Cincinnati  is  emphasized  as 
we  proceed  down  stream,  this  city  enriching  the  sewage-laden  stream  to 
the  extent  of  36  000  000  galls,  per  day,  as  a  dry  weather  discharge, 
and,  of  course,  many  times  that  quantity  dui'ing  periods  of  rainfall,  when 
our  street  wastes  are  washed  into  the  sewer  and  carried  into  the  river. 

The  water  supplied  to  Cincinnati  is  not  worse  than  that  supplied  to 
some  other  cities.     But  negligence  or  indifference  in  this  respect  by 
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our  city  does  not  justify  it  in  any  other,  and  if  the  same  energy  that  is 
given  to  politics  by  the  officials  of  Cincinnati  was  applied  to  the  secur- 
ing of  a  supply  of  pure  water,  there  is  no  doubt  that  our  water  quality 
would  be  improved,  and  our  alarming  death  rate  from  typhoid  fever 
be  diminished.  Here,  at  least,  and  possibly  in  other  cities,  politics 
and  water  do  not  mix,  and  the  harvest  of  our  dearest  idols  goes  on 
without  restraint. 

While  it  is  not  certainly  established  that  typhoid  cannot  be  ac- 
quired by  other  processes  than  water,  milk  or  food,  the  weight  of 
evidence  now  before  us  is  that  it  is  nearly  always  brought  into  the 
system  through  drinking  water. 

Considering  typhoid  as  a  water-carried  disease,  and  assuming  that 
one  who  drinks  only  pure  water  cannot  contract  it,  then  it  follows  that 
with  pure  water  universally  supplied  to  consumers,  typhoid  will  no 
longer  exist. 

The  Massachusetts  State  Board  of  Health  has  made  extensive  ex- 
periments on  the  filtration  of  water  through  beds  of  sand  and  loam, 
with  very  satisfactory  results,*  but  at  such  slow  rates  of  filtration  (23 
to  69  galls,  per  square  foot  of  sand  bed  per  day)  as  to  discourage  the 
adoption  of  this  method  in  treating  large  volumes  of  water. 

A  report  before  the  writer  of  a  test  of  one  of  the  mechanical  sand 
filters  shows  about  the  same  results  in  the  removal  of  bacteria  at  rates 
of  filtration  as  high  as  166  000  000  galls,  per  acre  per  day,  as  the  Law- 
rence experimental  filters  give  at  rates  of  2  000  000  galls,  jaer  acre  per 
day ;  or,  while  working  at  a  rate  of  filtration  over  80  times  as  great,  the 
mechanical  filter  gives  the  same  efficiency  in  removal  of  bacteria. 

It  is  common  for  physicians  in  cases  of  dotibt  of  the  purity  of  a 
water  supply  to  recommend  that  water  for  drinking  purposes  be 
boiled,  but  the  boiling  of  water  renders  it  insipid  and  unpalatable,  and 
it  is  claimed  by  some  of  the  manufacturers  of  filters  that  water  de- 
prived of  certain  of  its  natiiral  gases  and  solids  in  solution  (as  it  will 
be  by  boiling)  is  not  as  wholesome  as  natural  waters.  The  writer  has 
been  unable  to  obtain  any  reliable  information  of  the  influence  on  the 
human  system  of  the  harmless  salts  and  gases  in  sohition  in  natural 
waters,  and  is  in  doubt  whether  the  continuous  use  of  boiled  water 
as  a  beverage  will  be  deleterious.  Considering  that  filtered  and  boiled 
water  will  be  limpid  and  sterile,  and  deprived  of  all  toxic  properties, 
*  Twenty-third  Anuual  Report,  Mass.  State  Board  of  Health. 
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and  assuming  tliat  such  water  will  not  be  injurious  to  tlie  system,  may 
not  the  prolilem  of  a  safe  drinking  water  finally  be  solved  by  combined 
filtration  and  distillation  ?  If  carried  out  to  its  legitimate  conclusion, 
this  would  mean  the  treatment  of  a  sufficient  quantity  of  water  by  the 
corporation  for  drinking  and  culinary  purposes,  and  the  delivery  of 
this  to  consumers  through  an  independent  system  of  comparatively 
small  mains.  But  the  expensive  apjjaratus  for  distillation,  the  cost  of 
duijlicating  the  street  mains,  even  with  pipes  of  small  diameter,  and 
especially  the  large  annual  exjjense  of  operation,  might  at  first  sight  seem 
to  prohibit  any  attempt  by  this  process  to  purify  water  on  a  large  scale. 

As  this  question  is  sometimes  raised  in  the  discussion  of  quality  of 
water,  it  may  be  of  advantage  to  inquire  what  will  be  the  cost  of  pro- 
curing absolutely  pure  water  by  filtration  and  distillation  combined. 

Assuming  a  daily  consumption  of  1  000  000  galls,  of  potable  water, 
or  347  100  lbs.  per  hour,  an  efficiency  of  75%  for  the  evaj)orating  ap- 
paratus =  11  250  thermal  units  per  pound  of  coal,  and  an  average  of 
1  124  thermal  units  required  per  pound  of  water  evaporated,  then  1  lb. 
of  coal  will  distill  10  lbs.  of  water  at  atmosjiheric  i^ressure,  and  the 
consumption  of  coal  will  be  417  tons  (2  000  lbs.)  at  §2  per  ton,  or 
S8.34  per  day. 

Estimating  3  lbs.  of  water  evaporated  per  hour  per  square  foot  of 
heating  surface,  then  to  deal  with  1  000  000  galls,  per  day  there  will  be 
required  115  700  sq.  ft.  of  heating  surface,  and,  allowing  2  000  sq.  ft.  per 
boiler,  will  require  58  boilers.  Tubular  boilers,  7  ft.  diameter,  18  ft. 
long,  will  cost,  set  and  trimmed,  SI  800  each,  or  S104  400  for  the  re- 
quisite number.  Boiler  house  to  accommodate  them,  835  000.  Al- 
lowing 10  lbs.  of  steam  condensed  per  square  foot  of  cooling  surface  in 
condensers,  then  35  surface  condensers,  with  1  000  sq.  ft.  of  cooling 
surface  to  each,  at  a  cost  of  §52  500,  will  be  requii-ed.  Two  sets  of 
sand  filters,  each  of  1  000  000  galls,  daily  capacity,  will  cost  $12  000  ; 
filter  house,  84  000  ;  pipes,  valves  and  sundries,  about  820  000  ;  total» 
8227,900,  or  in  round  numbers,  8228  000. 

Annual  Expense. 

Interest  on  cost  at  5^:*^ 811  400  00 

Sinking  Fund  to  redeem  bonds  in  40  years,  at  4%.         2  398  56 

Fuel,  8834  x  365  days 304  410  00 

Labor,  45  men  at  82  per  day,  )  or,  09-  00 

3  men  at  85  per  day,  )  

Total,  not  including  repairs 8356  533  56 
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and  the  cost  of  so  ijurifying  water  will  be  about  -to  of  one  cent  per 
gallon. 

In  the  items  of  cost  no  allowance  is  made  for  pumping,  because 
this  would  be  required  in  any  case,  whether  the  water  is  treated  be- 
fore delivery,  or  pumped  without  treatment  from  the  source  to  the 
consumer;  nor  for  cooling  water  for  the  surface  condensers,  because 
the  97  or  98^  of  untreated  water  may  be  made  to  pass  through  the 
condensers  as  cooling  water  without  extra  cost. 

This,  however,  is  not  the  whole  cost,  for  allowance  must  be  made 
for  a  duplicate  set  of  mains  of  small  diameter  to  distribute  this  water. 
Estimating  250  miles  of  mains  at  an  average  cost  of  §4  500  per  mile  = 
$1  125  000. 

Annual  Charge. 

Interest  on  cost  at  5>^ $56  250 

Sinking  Fund  to  redeem  bonds  in  40  years,  at  4%^" 11  835 


Total .^68  085 

Cost  per  gallon  of  water  treated,  about  -^\-  of  one  cent,  or  a  total  cost 
of  iifo  of  one  cent. 

Thus,  water  absolutely  free  from  all  germs  and  their  spores,  and 
free  from  all  toxic  properties  and  matter  in  suspension,  can  be  ob- 
tained, if  the  work  of  purification  is  conducted  on  a  large  scale,  at  the 
rate  of  8  galls,  for  one  cent. 

Is  absolute  immunity  from  typhoid  fever,  cholera  and  all  other 
water-borne  diseases  worth  this  expense  ?     The  writer  thinks  it  is. 

Applying  this  total  anniial  cost  to  the  city  of  Cincinnati,  with  a 
population  of  325  000,  then  the  annual  cost  for  the  prevention  of  ty- 
phoid fever  in  this  city,  will  be  about  $1  31  per  capita.  Considering 
the  fact  that  we  had  over  400  cases  of 'tyj)hoid  in  the  city  from  Decem- 
ber 12th,  1893,  to  January  12th,  1894,*  it  would  seem  that  this  annual 
amount  per  cajiita  is  not  great  for  immunity  from  this  disease.  What- 
ever may  be  said  in  this  paper  with  reference  to  Cincinnati  will 
apply  to  any  other  city  similarly  cursed  with  a  public  Avater  supply 
which  may,  sooner  or  later,  carry  disease  and  death  into  every 
household. 

From  a  communication  to  the  writer  by  one  of  the  principal  mauu- 


*  This  statement  was  made  to  the  writer  by  one  of  our  leading  physicians. 
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facturers  of  sand  filters  in  this  country  upon  the  method  pnrsiied  iu 
freeing  water  of  bacteria  and  dissolved  organic  matters  in  the  contin- 
uous sand  filter,  he  takes  the  liberty  of  making  the  following  extract : 

"  Our  method  of  purifying  water  is  both  chemical  and  mechanical, 
and  consists  in  first  treating  the  water  with  a  suitable  reagent,  so  as  to 
render  the  objectionable  matters  insoluble  and  coalescent.  We  then 
allow  five  minutes  to  one-half  hour  for  the  coagulation  or  conglomera- 
tion of  the  precipitated  substances,  and  finally  pass  the  water  through 
a  filter  bed  of  white  machine-crushed  quartz,  which  much  resembles  in 
appearance  and  size  granulated  sugar.  The  filtering  beds  in  our  filters 
average  about  2  ft.  in  depth,  through  which  the  treated  water  is  made 
to  pass  or  percolate.  The  grains  of  the  filtering  material  are  sharp 
and  easily  retain  the  coagulated  substances,  whatever  they  may  be, 
upon  and  in  the  interstices  of  the  bed,  so  that  the  water  after  passing 
through  the  filtering  bed  of  quartz  emerges  clear  and  brilliant  and  free 
from  whatever  objectionable  impurities  were  previously  aimed  to  be 
removed. 

"  The  proper  treatment  of  the  water  prior  to  filtration  is  as  import- 
ant as  filtration  itself,  for  it  is  evident  that  a  filtering  bed  composed  as 
above  described  would  be  too  free  and  open  to  arrest  only  the  grossest 
matters  in  suspension.  A  bacterium  or  spore  is,  as  you  know,  from 
•20^00-  to  rruVru  i^-  diameter;  while  probably  the  smallest  of  the  inter- 
stices in  the  bed  would  not  be  less  than  xio-  in-  in  breadth.  There 
are,  therefore,  but  two  mechanical  methods  available  for  retaining 
these  germs.  One,  which  is  the  method  followed  by  the  Pasteur,  being 
to  provide  crevices  or  passages  through  the  filtering  material  a  trifle 
smaller  or  finer  than  the  smallest  bacterium.  The  other  method  is  to 
coagulate  the  bacteria  into  masses  large  enough  to  be  retained  by 
larger  passages.  To  effect  this  coagulation  or  conglomeration  of  the 
bacteria,  sulphate  of  alumina  or  alum  is  used.  The  action  of  the  siil- 
phate  of  alumina  is  briefly  as  follows :  When  it  is  added  to  the  wdter  it 
decomposes  the  bicarbonates  of  lime  and  magnesia  always  jjresent  in 
waters  to  a  more  or  less  extent,  and  the  products  of  the  double  decom- 
position are  sulphate  of  lime  or  sulphate  of  magnesia,  and  carbonic 
acid  gas  and  hydrate  of  alumina.  The  former  two  are  as  soluble  as 
they  were  originally,  and  remain  in  the  water;  the  latter  is,  however, 
insoluble,  and  is  precipitated  as  a  white,  gelatinous  mass,  and,  being 
coalescent  in  itself,  envelopes  the  bacteria  which  adhei'e  to  it,  and, 
therefore,  when  this  precipitate  of  alumina  is  filtered  out  of  the  water, 
the  bacteria,  spores  and  all  the  infinitesimal  matter  in  suspension  is  re- 
tained in  the  precipitate,  and  the  water,  therefore,  can  be  easily  and 
rajjidly  filtered  through  a  filtering  bed  that  would  be  absolutely 
worthless  if  no  chemical  treatment  were  used. 

"Eegarding  the  dissolved  matters  would  say  that  these  are  re- 
moved by  precipitating  them  directly,  as,  for  instance,  where  lime  and 
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magnesia  are  objectionable,  we  use  sal  soda  or  soda  ash  or  caustic  soda, 
to  i^recipitate  the  lime  as  carbonate,  and  this  precipitate  can  be  readily 
filtered  out  with  our  filter,  therefore  depriving  the  water  of  its  lime 
and  magnesia  which  was  originally  in  solution,  as  it  is  in  some  of  our 
sparkling  artesian  waters ;  as  a  result,  the  water  is  rendered  perfectly 
or  practically  soft.  The  dissolved  organic  matters  are  almost  entirely 
removed  in  the  same  manner  by  the  alumina  at  the  same  time  the  bac- 
teria are  removed.  We  further  remove  the  dissolved  organic  matters 
by  subjecting  the  waters  to  aeration,  which  consists  in  forcing  air  into 
the  water,  oxidizing  the  decomposable  organic  matter  which  converts 
them  into  nitrites  or  nitrates,  which  are  inert  and  harmless.  These 
are  the  three  methods  most  generally  used  in  the  purification  of  waters, 
although  there  are  cases  where  special  treatment  is  required.  The  av- 
erage amount  of  alumina  used  does  not  exceed  one-fourth  of  a  grain 
per  gallon,  which  is  but  32. 55  lbs.  per  1  000  000  galls.,  and  costs  about 
If  cents  per  pound. " 

Apart  from  a  bed  of  sand  common  to  all  such  filters  and  which  acts 
only  as  a  strainer  or  intercepter  of  suspended  matter,  the  purification 
of  water  by  the  continuous  sand  filter  appears  to  depend  upon — 

First, — The  use  of  alum  as  a  coagulent,  to  act  upon  the  bacteria 
and  dissolved  salts  in  solution. 

Second. — The  use  of  soda  ash  or  other  reagent  for  softening  pur- 
poses. 

Third. — Aeration  to  oxidize  dissolved  organic  matter  and  convert 
these  into  nitrites  and  nitrates. 

Regarding  the  use  of  alum  in  sand  filters  much  diversity  of  opinion 
exists.  The  manufacturers  of  these  filters  recommend  it  because  it 
produces  a  clear  filtrate  while  working  the  filter  at  a  high  rate  of  deliv- 
ery, but  in  such  uses  of  the  mechanical  sand  filter  as  have  come  under 
his  control,  the  writer  has  discouraged  the  corporations  or  water  com- 
panies in  the  use  of  alum  or  any  other  astringent  for  precipitating  the 
suspended  organic  matters,  fearing  that  the  excessive  use  of  the  coagu- 
lent would  result  in  injury  to  the  animal  system.  He  is  informed, 
however,  by  several  of  the  manufacturers  of  mechanical  sand  filters 
that  no  harm  can  result  from  a  surplus  of  alum,  because  any  excess 
above  that  required  to  precipitate  matters  in  suspension  will  unite  with 
the  mineral  bases  in  solution  in  the  water  and  produce  insoluble  or 
harmless  compounds,  as  sulphate  of  lime,  sulphate  of  sodium  and  hy- 
drated  alum.  Upon  the  other  hand,  the  excessive  use  of  alum  in  a 
sand  filter  in  one  of  our  Cincinnati  hotels,  several  years  ago,  was  be- 
lieved at  the  time  to  have  produced  among  the  regular  boarders  serious 
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bowel  troubles,  wliich  were  said  by  physicians  in  attendance  to  be  due 
to  the  action  of  the  astringent  in  the  drinking  water  on  the  absorbent 
vessels  of  the  stomach  and  intestinal  canal.  At  best,  the  alum  prob- 
ably acts  only  on  matters  in  suspension  in  the  water,  and  has  no  influ- 
ence on  matters  in  solution  *  if  these  are  derived  from  sewage  sources. 

The  use  of  sal  soda,  soda  ash  or  any  reagent  for  softening  the  water 
would  be  demanded  from  a  strictly  sanitary  standpoint  only  with  those 
waters  of  great  hardness,  since  small  quantities  of  lime  and  magnesia 
are  not  generally  regarded  as  injurious  to  the  human  system. 

If  the  results  of  Prof.  Drown's  exjieriments  on  the  aeration  of  nat- 
ural waters  are  to  be  accepted  as  conclusive  upon  this  point,!  then  the 
claim  for  oxidation  of  dissolved  organic  matter  and  its  conversion 
into  nitrites  and  nitrates  is  a  mistake.  No  such  result  will  follow  the 
aeration  of  water  containing  dissolved  organic  matter,  but,  as  Prof. 
Drown  shows,  aeration  may  be  beneficial  in  exiDelling  from  water  ob- 
jectionable gases  in  solution;  as,  for  instance,  sulphureted  hydrogen, 
but  no  chemical  reaction  can  be  expected  from  simple  aeration. 

It  will  be  noticed  that  the  first  step  in  the  purification  of  water  de- 
scribed by  the  "svriter's  correspondent  is  the  treatment  with  alum,  and 
that  the  water  is  at  rest  for  a  period  of  from  5  to  30  minutes,  to  give 
time  to  the  alum  to  act  as  a  coagulent  and  precipitant.  This  would 
seem  to  indicate  an  attempt  at  intermittent  filtration  with  the  con- 
tinuous filter,  or  would  involve  the  alum  treatment  of  water  in  settling 
tanks,  somewhat  after  the  style  of  the  precipitating  tanks  used  for  the 
purification  of  effluent  sewage. 

A  successful  filter  must  remove  both  suspended  and  dissolved  mat- 
ter and  the  toxic  proi?erties  in  water,  otherwise  it  will  be  of  doubtful 
utility  as  a  sanitary  appliance,  because  the  average  citizen  accepts 
such  devices  altogether  upon  the  representation  of  the  manufacturer, 
under  the  impression  that  he  has  a  safeguard  against  disease  from  a 
water  source,  when  in  reality  he  has  nothing  of  the  kind,  and  his 
danger  from  water-borne  disease  may  probably  be  as  great  after  he 
filters  his  drinking  water  as  it  was  before. 

According  to  Pi*of.  Baumeister,|  we  can  safely  drink  a  sewage-pol- 
luted water  when  the  sewage  and  water  are  mixed  in  certain  projjor- 
tions,  depending  ujion  the  amount  of  organic  matter  in  the  sewage  and 

*  Parkes'  "  Practical  Hygiene,"  1892. 

t  Twenty-third  Annual  Report,  Mass.  State  Board  of  Health. 

t  E.  Baumeister,  Cleaning  and  Sewering  of  Cities,  1891. 
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of  that  previously  in  the  water.  But  he  depends  altogether  on  chem- 
istry for  the  test  of  potability  of  the  water,  when  it  is  well  known  that 
chemistry  is  powerless  to  reveal  infectious  properties  or  bacteria  in  the 
water.  He  states,  upon  German  authority,  that  water  may  carry  2^ 
grains  of  organic  matter  to  the  gallon  and  still  be  potable.  Looking 
at  the  question  from  a  chemical  standjioint,  this  may  be  true,  but  from 
a  broad,  sanitary  standpoint  any  organic  matter  in  drinking  water 
known  to  be  from  a  sewage  source  is  unsafe. 

The  statement  by  Prof.  Baumeister  that  sewage  containing  29.2 
grains  of  organic  matter  to  the  gallon  may  be  mixed  with  river  water 
containing  1.2  grains  of  organic  matter  to  the  gallon  in  the  ratio  of  23 
galls,  of  water  to  1  gall,  of  sewage,  and  the  mixture  be  safe  for  drink- 
ing i^urposes,  seems  to  me  to  be  very  dangerous,  because  the  sewage 
may  contain  the  germs  of  typhoid  fever,  which  no  amount  of  dilution 
can  eliminate.  Moreover,  advice  like  this,  instead  of  promoting  the 
purity  of  water  sui^plies  and  the  public  health,  is  calculated  to  impair 
both. 

It  is  but  fair  to  state  that  Prof.  Baumeister  is  looking  at  the  matter 
solely  from  the  standj^oint  of  sewage  disi)osal  into  running  streams, 
and  it  is  doubtful  if  the  selfish  motive  of  ridding  a  community  of  sew- 
age by  generally  the  easiest  and  cheai^est  method  should  be  allowed  to 
prevail  when  certain  disaster  to  those  who  may  draw  their  drinking 
water  from  the  stream  below  is  bound  to  follow. 

In  another  paragraph  Prof.  Baumeister  says: 

"  The  objection  may  be  raised  to  these  computations  "  (relating  to 
sewage  dilution)  "that  the  limiting  amounts  of  organic  matter  in 
potable  water  was  not  fixed  under  a  supposition  that  a  part  of  it  was 
human  excrement." 

But  all  sewers  receive  some  human  dejecta,  and  this  at  times  may 
contain  disease  germs,  and  these  germs  mixing  with  a  so-called  potable 
water  are  dangerous.  Adapting  to  our  purpose  the  memorable  words 
of  Mr.  Lincoln,  any  water  likely  to  be  adopted  for  drinking  purposes 
may  be  safe  to  all  people  at  some  times;  it  may  be  safe  to  some  people 
at  all  times,  but  it  may  not  be  safe  to  all  people  at  all  times,  and  the 
protection  of  those  who  may  at  some  time  be  susceptible  to  its  delete- 
rious influences  should  warn  us  against  the  use  of  any  drinking  water 
known  to  contain  organic  matter  from  a  sewage  source. 

Without  regard  to  the  manner  in  which  we  obtain  our  drinking 
water,  whether,  as  Mr.  Kafter  suggests,  "from  an  absolutely  uncon- 
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taminated  source,"  by  filtration,  or  by  filtration  and  distillation  com- 
bined, it  should  never  be  cooled  by  melting  in  it  natural  ice  from  an 
unknown  source.  No  objection  can  be  raised  to  the  melting  of  artiti- 
cial  ice  from  distilled  Avater  in  our  drinking  -n-ater;  and,  when  this  is 
not  obtainable,  natiiral  ice  can  be  safely  used  only  by  placing  it  in  a 
receptacle  sejiarate  from  that  containing  the  water. 

Water  is  an  essential  to  human  existence,  90,"(^  of  the  licpiid 
portion  of  the  blood  is  water,  and  of  the  corpuscles  or  disks  in  the 
circulation  nearly  70^^  is  Avater.  Of  all  the  many  articles  of  diet  upon 
which  we  subsist,  none  is  so  important  to  the  support  of  life  as  water. 
With  all  other  articles  of  subsistence  we  are  usually  very  careful,  not 
only  to  demand  the  best,  but  to  insist  that  they  be  absolutely  safe 
to  take  into  the  human  system;  with  water,  however,  we  drink  what- 
ever comes  most  conveniently  to  hand,  with  no  inquiry,  and  seldom  a 
thought,  as  to  its  fitness  for  the  purposes  to  which  it  is  applied  in  the 
animal  economy;  and  yet  one  of  the  most  dangerous  diseases,  typhoid 
fever,  can  be  established  in  the  hiiman  system  through  the  medium  of 
drinking  water.  For,  even  in  the  few  instances  of  its  being  traced  to 
the  distribution  of  a  i^olluted  milk,  it  has  been  shown  that  the  remote 
cause  or  origin  was  in  a  typhoid-tainted  drinking  water. 

In  many  States  a  human  life  has  a  fixed  legal  money  value.  The 
law  of  Ohio  places  the  worth  of  a  man's  life  at  810  000.  If  every  fatal 
case  of  typhoid  fever  in  the  United  States  is  multiplied  by  this  amoiint 
the  product. will  reach  over  §350  000  000  a  year,  a  sum  equal  to  one- 
third  of  the  jiresent  National  debt.  And  notwithstanding  the  appalling 
misery  and  loss  of  valuable  lives  from  this  one  disease,  typhoid  fever 
would  be  unknown  if  the  plainest  and  simplest  rules  of  hygiene  with 
reference  to  our  drinking  water  were  universally  followed.  In  simple 
terms,  if  the  typhoid  germ  or  bacillus,  as  it  is  technically  called,  were 
excluded  from  our  drinking  water,  the  disease  could  not  be  established. 
While  typhoid  is  not  the  only  water-carried  disease,  to  us  it  is  the 
most  important,  if  importance  is  to  be  measured  by  geographical 
extent,  continuous  presence  and  annu.al  loss  of  life  by  disease.  In 
the  foregoing  discussion  of  the  quality  of  drinking  water,  while  other 
objections  may  have  been  raised  against  the  so-called  potable  water 
with  which  we  are  generally  supplied,  the  main  objection  is  to  the 
possibility  of  its  introducing  the  typhoid  germ  into  the  system. 

Nature's  process  of  purifying  water  is  by  distillation  on  a  very  large 
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scale.  The  waters  of  the  lakes,  rivers  and  sea  are  evaporated,  the 
vapor  ascends  from  the  surface  of  the  earth,  is  condensed  in  the 
clouds,  and  in  due  time  returns  to  the  earth  as  rainfall.  After  we  have 
received  the  water  again  into  our  lakes  and  streams,  or  in  the  absorb- 
ent soil,  we  set  about  to  pollute  it  with  our  sewage  wastes,  and,  when 
thoroughly  polluted,  we  drink  it.  This  may  be  a  very  coarse  way  of 
stating  the  case,  but  is  it  not  the  fact  ?  Nature  attempts  to  supply  us 
with  a  water  free  from  dangerous  organic  matter  and  toxic  properties, 
but  we  will  not  preserve  it  in  this  condition. 

In  regard  to  past  efforts  at  water  purification,  and  the  attempt  to 
build  a  standard  of  purity  upon  the  reduced  numbers  of  bacteria  in 
the  filtrate,  certain  facts  have  been  established  in  connection  with 
bacteria  in  water.  Thus,  the  number  is  not  a  safe  index  of  the  quality 
of  water.  Well  waters  containing  so  few  as  four  bacteria  per  cubic 
centimeter  have  been  fatal  to  the  lower  animals,  while  lake  water 
containing  as  many  as  3  000  bacteria  jjer  cubic  centimeter  has  pro- 
duced no  ill  effects  on  the  lower  animals.  Upon  the  other  hand  the 
number  of  bacteria  is  a  fair  indication  of  the  amount  of  dissolved  or- 
ganic matter  in  water,  but  the  determination  of  this  by  chemical  tests 
is  more  reliable  than  to  infer  it  from  the  number  of  bacteria.  Generally, 
however,  the  water  bacteria  bear  a  close  relation  in  numbers  to  the 
amount  or  proi^ortion  of  dissolved  organic  matter. 

While  many  attempts  have  been  made  and  several  well-known 
methods  proposed  to  differentiate  the  typhoid  bacillus  from  other 
bacteria  found  in  water,  none  of  these  seems  to  be  reliable,  and  the 
only  certain  test  of  the  pathogenic  properties  of  any  suspected  bac- 
teria is  by  inoculation. 

The  ordinary  water  bacteria  are  not  regarded  as  pathogenic,  and 
pathogenic  germs  in  a  water  sample  are  held  to  be  adventitious,  and 
not  native  to  the  water.  This  will  partly  account  for  the  danger  from  a 
water  containing  few  bacteria,  and  for  the  innocuous  properties  of  some 
waters  containing  many  bacteria,  and  emphasizes  the  belief  now  gain- 
ing ground,  that  numbers  should  not  be  received  as  an  evidence  of 
quality. 

The  introduction  of  a  few  water  bacteria  into  a  sample  of  distilled 
water  may  be  followed  by  a  large  growth  of  the  same  species,  but  these 
cannot  endure  for  many  days,  for  lack  of  nourishment.  If  the  water 
was  absolutely  sterile,  and  no  organic  matter  imparted  to  it  from  the 
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atmospliere  while  introducing  the  bacteria,  then  no  growth  could  occur, 
and  in  a  short  time  the  bacteria  introduced  would  perish  for  lack  ol 
pabulum. 

The  typhoid  bacillus  and  the  cholera  spirillum  are  not  indigenous 
to  water.  Water  is  simply  the  carrier  of  these  germs  of  disease,  but 
OAving  to  the  difficulty  of  identifying  them,  especially  the  typhoid 
germ,  no  one  can  certainly  say  whether  a  suspected  water  contains  the 
germ  until  inoculation  tests  have  been  made;  and  if  pathogenic  germs 
are  found,  then  an  expert  judgment  only  can  infer  the  presence  of  the 
Eberth  bacillus,  or  some  other  bacteria  having  the  same  properties. 
However,  if  in  the  inoculation  experiments  simultaneous  tests  are 
made  from  pure  cultures  of  the  suspected  bacillus  and  Avith  the  Eberth 
bacillus  obtained  from  the  spleen  of  one  dead  of  typhoid  fever,  and 
the  symptoms  of  the  animals  experimented  upon  are  substantially  the 
same,  then  it  will  be  safe  to  declare  the  suspected  water  bacteria  as  the 
typhoid  germ,  even  though  its  morphological  and  biological  character- 
istics may  not  agree  with  the  Eberth  germ.  Thus  it  may  be  a  variety 
of  the  Eberth  germ,  or  it  may  be  a  distinct  germ  capable  of  producing 
the  same  effects  in  the  animal  system.  To  illustrate  this  in  a  homely 
way,  no  one  is  likely  to  mistake  beer  for  whiskey  or  vice  versa,  but 
both  are  known  to  produce  intoxication.  In  like  manner,  two  patho- 
genic germs  may  differ  in  their  morphological  and  biological  features 
enough  to  apjjear  to  be  distinct  species  of  bacteria,  and  at  the  same 
time  possess  similar  toxicogenic  properties. 

It  is  unfortunate  that  cities  are  so  unwilling  to  conduct  such  inves- 
tigations of  their  water  supply  during  epidemics  of  typhoid  as  will 
clearly  demonstrate  the  condition  of  the  drinking  water  at  all  times. 
As  an  illustration,  one  city  of  several  is  mentioned.  During  the  later 
part  of  the  year  1892  and  early  part  of  1893  St.  Louis  was  visited  by 
an  epidemic  of  typhoid  fever,  which  increased  the  annual  death  rate 
from  this  cause  200  per  cent.  Investigations  were  made  by  the  city 
authorities  which  clearly  established  the  fact  that  the  disease  was  prac- 
tically confined  to  a  district  almost  wholly  supplied  with  water  from 
the  city  mains  ;  but,  excepting  this  inquiry,  which  traced  the  cause  to 
the  Mississippi  River  water,  no  tests  Avere  made  of  the  quality  of  the 
water  at  the  time  of  the  epidemic,  or  to  compare  it  with  the  river  water 
at  other  times  when  there  was  no  epidemic  of  typhoid.  There  is  no 
doubt  that  careful  bacteriological  tests  would  have  shown  the  typhoid 
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bacillus  of  Dr.  Ebertli  or  Dr.  Vauglian  in  greater  numbers  tlian  usual 
in  tlie  water,  or  that  the  toxic  larojaerties  developed  by  the  germ  when 
taken  into  the  human  system  were  then  much  more  virulent  than  at 
other  times. 

To  solve  the  question  of  an  absolutely  safe  drinking  water,  the 
filtration  to  clarify  the  water  should  be  combined  with  some  process  of 
distillation,  and  we  shall  have  then,  not  only  jjure  water,  but  water 
that  looks  pure,  which  is  quite  an  object  when  you  iindertake  to  edu- 
cate iJeople  upon  the  question  of  water  quality. 

As  a  matter  of  interest  in  connection  with  the  subject  of  water 
quality  and  typhoid  fever,  the  writer  has  compiled  the  statistics  of 
typhoid  from  a  number  of  our  larger  cities  for  the  years  1890-91-92-93, 
giving  the  population,  cases  (when  reported),  deaths,  and  deaths  per 
1  000  of  poi^ulation  (see  Table  A). 

A  comparison  of  the  statistics  in  the  table  furnishes  some  interest- 
ing information.  Thus  the  water  drank  in  New  York  and  Brooklyn 
seems  to  have  been  superior  to  that  furnished  to  the  city  of  Boston. 
Comi^aring  Detroit  with  Buffalo,  Cleveland,  Chicago  and  Milwaukee,  it 
appears  that,  while  all  dej^end  upon  the  Great  Lakes  for  their  supijly, 
the  water  drawn  from  the  Detroit  River  is  better  than  that  from  in- 
take cribs  set  in  the  lakes  a  few  miles  from  the  shore,  or  at  the  foot  of 
the  lake,  as  at  Buffalo.  As  a  rule,  the  cities  taking  their  water  supply 
from  the  large  rivers  suffer  more  from  typhoid  fever  that  those  that 
depend  upon  impounded  water,  like  New  York  and  Boston. 

In  Table  B  are  given  the  data  from  epidemics  of  typhoid  in  the 
cities  of  Lowell,  Lawrence  and  Sj^ringfield,  Mass. ;  St.  Louis,  Mo.,  and 
Pittsburgh,  Pa.  The  title  and  captions  of  the  table  fully  explain  its 
contents.  Assuming  the  report  of  cases  to  be  correct,  the  mortality 
from  this  disease,  as  shown  by  the  column  of  percentage  of  fatal 
cases,  is  much  greater  in  this  country  than  in  cities  abroad. 
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TABLE   B. 

Ttphoid  Fevek. 

Statistics   Sliowing  Fatality  of  Epidemics  in  Lowell,  Lawrence  and 
Springfield,  Mass.,  and  Annually  for  Pittsburgh  and  St.  Louis. 


Locality. 

Date. 

Cases. 

Deaths. 

Percentage 
of  fatal  cases. 

September,  1890 

47 
95 
171 
159 
78 

10 

9 

29 

24 

17 

21 

October,  1890 

9.5 

.c 

November,  1890 

17 

(< 

December,  1890 

15.1 

II 

•Tauuary,  1891 

22 

550 

89 

16.2 

I<owell,   Mass. 


November,  1892. 
December,  1892. 
January,  1893... 
February,  1893.. 


19 

3 

70 

10 

38 

10 

14 

7 

141 

30 

16 

14.3 
26.3 
50 


Total  and  averages . 


21.3 


Lawrence,  Mass. 


November,  18ft2. 
December,  1892.. 
January,  1893  . . 
February,  1893.. 


14 

4 

32 

9 

72 

3 

23 

12 

141 

28 

28.6 
28.1 
4.2 
52 


Total  and  averages. 


20 


Springfield,  Mass 
St.  Louis,  Mo 

Pittsburgh,  Pa... 


July,  August,  September,  1892, 

April,  1892 ;  March,  1893 

August,  1892 

September,  1892 

October,  1892 

November,  1892 

December.  1892 

January,  1893 

1891 

1892 

1893  


155 

32 

3  624 

514 

70 

11 

142 

23 

261 

48 

1923 

124 

945 

205 

114 

42 

1047 

248 

1  145 

256 

2  398 

294 

20.6 
14.2 
15.7 
16.4 
18.5 
6.4 
21.7 
36.8 
23.7 
22.4 
12.3 
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DISCUSSION. 


Desmond  FitzGeraxd,  M.  Am.  Soc.  C.  E. — A  paper  on  tlie  quality  of 
water  supplies  needs  no  apology  to  this  Society  when  we  consider  the 
army  of  engineers  who  are  engaged  in  works  of  construction  and  im- 
provement connected  with  the  furnishing  of  pure  water  to  cities  and 
towns.  Mr.  Hill  has  well  stated  in  the  opening  of  his  paper  that, 
however  much  other  sanitarians  may  aid  the  cause  of  good  water,  to 
the  engineer  must  finally  come  the  designing  of  works  for  public  sujj- 
plies.  If  there  is  one  fact  more  gratifying  than  another  to  sanitary 
engineers,  it  is  that  so  much  attention  is  now  paid  to  questions  con- 
nected with  the  quality  of  water.  It  was  only  a  few  years  ago  that  the 
question  of  quantity  was  the  principal  one  to  which  water  engineers 
devoted  their  studies.  Probably  few  outside  of  the  specialists  realize 
how  varied  are  the  questions  that  enter  into  this  subject  of  the  quality 
of  water. 

We  have  to  begin  with  a  large  classification  of  waters,  each  of 
which  is  subject  to  its  own  particular  kind  of  troubles,  and  many 
of  these  are  so  subtle  that  it  requires  a  lifetime  to  understand  them. 
But  I  do  not  know  of  a  nobler  occupation  or  profession  to  which  a 
man  can  devote  his  life  than  that  of  the  improvement  of  water 
supplies. 

It  does  not  seem  to  me  that  we  depend  uj^on  seeing  the  actual 
germs  of  disease  in  the  water  with  the  microscope  or  by  inoculation 
from  water  samples  in  order  to  satisfy  ourselves  that  they  are  present. 
We  have  had  in  Massachusetts  several  epidemics  of  typhoid  fever  in 
cities  taking  their  water  from  sources  infected  with  the  typhoid 
bacillus  where  the  death  rate  has  immediately  declined  on  cutting  off 
the  polluted  water.  A  remarkable  case  has  recently  been  presented 
fully  by  Mr.  Mills  before  the  New  England  Water  Works  Association 
in  a  description  of  a  new  filtering  plant  installed  in  Lawrence  to  rid 
the  water  of  typhoid  germs. 

I  was  recently  called  to  a  small  town  containing  1  300  people,  in 
which  over  100  inhabitants  were  down  with  typhoid  of  a  malignant 
type,  and  of  these  more  than  10;o  died.  In  a  large  institution 
situated  in  the  town  with  a  separate  water  supply  of  its  own  not  one 
person  was  taken  sick  with  the  disease.  Happily  I  had  no  difficulty 
in  persuading  this  town  to  throw  away  its  source  of  supply  and  adopt 
another  pure  and  abundant  source  close  at  hand.  Under  these  con- 
ditions, there  were  so  many  circumstances  pointing  to  the  water  as  the 
source  of  infection  that  it  did  not  require  identification  of  the  actual 
bacillus  in  the  water. 

In  many  cases  a  great  deal  of  study  is  given  to  purifying  a  water, 
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when  tlie  same  amoTint  of  study  put  into  tlie  question  of  iireventing 
the  pollutions  from  getting  into  it  would  do  more  good.  During 
the  past  ten  years  we  have  devoted  a  great  deal  of  time  and  money 
to  this  end  on  the  Boston  Water  Works.  The  sewage  from  many 
of  the  towns  has  been  pumped  entirely  out  of  the  water-sheds  and 
improved  methods  of  construction  have  been  adopted  for  the  basins 
and  storage  reservoirs  for  the  jiurpose  of  improving  the  quality 
of  the  water.  We  are  now  engaged  in  stiidying  swamps  existing  on 
the  water-sheds  and  providing  jDlans  for  draining  them,  and  many 
observations  have  been  made  upon  the  color  of  the  waters  coming  from 
swamps  and  estimates  formed  of  the  probable  colors  after  the  improve- 
ments have  been  carried  out.  There  is  still,  however,  something  to  be 
said  in  favor  of  j&ltration  in  the  case  of  almost  any  surface  supply, 
however  well  guarded  at  the  sources,  and  I  look  in  the  future  to  see 
filtration  plants  in  more  general  use. 

As  is  the  case  in  many  other  large  cities,  we  obtain  our  water  sup- 
ply in  Boston  by  collecting  and  holding  back  water  from  streams  dur- 
ing the  wet  months  of  the  year,  in  order  to  distribute  it  during  i^eriods 
of  deficiency  in  the  flow  or  of  long  periods  of  drought.  We  have,  of 
course,  designed  our  storage  so  as  to  cover  the  longest  drought  in  the 
past,  of  which  Ave  have  a  record,  and  we  have  made  our  storage  suffi- 
cient to  carry  us  through  that  drought;  but  it  has  been  strongly  im- 
pressed upon  my  mind  recently  that  this  is  not  sufficient  to  provide  a 
uniform  quality  of  good  water.  In  order  that  this  may  be  accomplished 
we  must  have  a  much  larger  amount  of  storage. 

As  is  well  known,  surface  water  improves  in  quality  when  kept  for 
a  long  time  in  thoroughly  constructed  basins  which  are  free  from 
organic  matter.  Now,  when  water  is  drawn  out  from  these  storage 
reservoirs  at  the  end  of  the  iJeriod  of  drought  and  the  sti-eams'  begin 
to  resume  a  larger  flow,  then  the  city  has  to  be  supi)lied  with  water 
which  has  not  had  the  advantage  of  long  periods  of  storage.  From 
this  cause  it  is  not  possible  always  to  distribute  water  of  a  uniform 
quality,  unless  a  lai'ge  surplus  of  storage  is  supplied,  and  it  seems  to 
me  important  that  where  a  city  or  town  is  provided  with  water  by 
means  of  equalizing  the  supply  of  a  stream  or  by  drawing  from  a  nat- 
ural lake,  it  is  necessary  that  a  very  much  larger  amount  of  storage 
should  be  provided  than  that  necessary  simply  to  carry  the  town  or 
city  through  the  drought. 

If  the  reports  of  the  Boston  Water  Supply  Department  for  the  jjast 
few  years  are  examined,  it  will  be  found  that  the  number  of  organisms 
existing  monthly  at  the  surface,  in  the  middle,  and  at  the  bottom  of 
all  our  lakes  and  storage  and  distributing  reservoirs  are  pul)lished  in 
tables,  and  that  the  colors  of  these  same  waters  and  their  tempei'ature 
are  given.  These  monthly  averages  are  made  up  from  weekly  exam- 
inations.    It  will  also  be  found  that  we  have  a  well-equipped  laboratory 
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devoted  to  microscopic  work,  aud  that  we  have  a  considerable  filtra- 
tion plant  for  the  pixrpose  of  experimenting  vipon  different  methods  of 
filtration.  In  fact,  we  spend  from  812  000  to  ipl5  000  a  year  upon 
experiments  and  analyses  connected  with  questions  affecting  the  jjurity 
of  the  water.  This  work  has  naturally  revealed  many  facts  of  which 
we  were  not  before  aware.  There  may  be  some  who  think  that  money 
invested  in  this  way  is  thrown  away ;  but  I  think  we  may  very  well 
leave  the  future  to  decide  this  qiiestion.  We  feel,  in  Boston,  that  we 
have  made  a  good  investment  in  this  work. 

It  seems  to  me  questionable  whether  Mr.  Hill's  figures  for  the  cost 
of  separating  the  drinking  water  from  the  rest  of  a  supply  are  suffi- 
ciently large.  It  has  not  been  considered  that  we  can  accomplish  this 
result  in  Boston  with  so  small  an  expenditure  per  gallon. 

Aeration  has  been  referred  to  in  this  pai:)er.  It  has  been  found  on 
the  Boston  Water  Works  that  no  amount  of  aeration  will  aflfect  the 
quality  of  the  water,  although  we  have  more  organic  matter  in  the 
water  than  I  should  like  to  see.  The  trvith  is  that  the  water  contains 
sufficient  oxygen  in  its  natural  condition,  so  that  the  addition  of  any 
more  has  no  effect  whatever.  On  the  other  hand  it  is  true  that  there 
are  many  waters  which  are  so  deficient  in  oxygen  and  in  which  the 
organic  matter  is  in  such  a  condition  that  aeration  produces  wonderful 
effects  in  a  very  short  time. 

It  does  not  seem  possible  to  provide  general  rules  which  will  apply 
to  all  waters.  However  much  we  do  not  know,  there  is  one  thing  of 
which  we  feel  sufficiently  certain,  and  that  is  as  to  what  good  water 
really  is;  and  this  is  the  goal  upon  which  we  should  keep  our  eyes  and 
the  standard  to  which  we  should  work. 

Charles  Feancis,  M.  Am.  Soc.  C.  E. — What  may  be  called  the  germ 
of  the  typhoid  bacillus  may  be  generally  found  in  the  larger  intestines 
of  healthy  people.  These  germs  being  introduced  into  the  ujDper  or 
smaller  intestines  through  the  medium  of  drinking  water  and  finding 
there  suitable  pabukim,  develojj  into  the  true  typhoid  bacillus. 

WniLiAM  E.  WoRTHEN,  Past  President  Am.  Soc.  C.  E. — As  engi- 
neer in  charge  I  have  just  comjileted  a  small  water  works  at  Southamp- 
ton, L.  I.,  in  which  the  princiide  has  been  adojjted  of  not  exposing  the 
water  from  the  driven  wells  to  the  light  till  it  is  drawn  by  the  takers. 
From  the  wells  the  water  passes  through  the  pumps  into  air-tight 
receivers  or  tanks  of  steel  6  ft.  6  ins.  diameter  and  about  50  ft.  long. 
There  are  three  tanks  which  are  filled  at  the  maximum  pressure  of 
nearly  100  lbs.  One  of  these  receivers  is  open  always  to  the  village 
service  ;  the  other  two  are  closed  under  the  100-lb.  pressure.  When 
the  pressure  in  the  first  receiver  falls  to  nearly  40  lbs.,  one  of  the 
reserved  tanks  is  opened  to  raise  the  pressure  in  the  mains  and  after 
another  fall  the  third  tank  is  opened.  For  fire  purposes  the  tanks  can 
be  opened  and  adequate  pressure  secured  promptly. 
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The  water  is  strongly  aerated  by  the  compressors,  which  maintain 
the  air  pressure  and  volume,  and  the  water  is  cool  for  domestic  use. 
I  am  anxious  to  see  its  sanitary  efifects,  as  it  will  probably  prevent  the 
development  of  confervce,  and  shall  look  to  the  report  on  vital  statis- 
tics. With  regard  to  the  growth  of  microscopic  organisms,  I  do  not 
know  of  any  standard  authority,  but  think  that  sterilization  should  be 
used  carefully,  that  "  numerous  bacteria  exist  in  the  digestive  canal 
of  a  man  in  good  health,  and  that  they  are  not  only  innoxious,  but  they 
play  an  active  part  in  gastric  digestion  and  especially  in  the  transmu- 
tation of  albumens  into  peptones  ";  that  they  are  necessary  for  the  sup- 
port of  the  white  blood  corpuscle  and  consequently  of  the  red.  My  sug- 
gestion would  be,  sustain  your  own  phagocyte  and  look  to  the  effects  as 
they  can  be  seen  naturally  rather  than  to  the  present  results  of  micro- 
scopic observation.  It  takes  something  more  than  microbes  to  pro- 
duce jjtomaines,  there  is  a  necessity  of  some  pabulum  and  condition, 
and  good  health  must  depend  largely  on  the  surroundings  and  habits. 

Chakles  H.  Snow,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Mr. 
FitzGerald  has  spoken  of  typhoid  fever  in  a  small  town  where  those 
not  using  the  common  water  supply  were  totally  exempt  from  the  dis- 
ease. Such  instances  are  common  and  furnish  the  most  forcible  ar- 
gument for  good  water  kept  good.  An  interesting  incident  of  the  same 
kind  was  afforded  by  a  small  town  in  which  I  was  located  for  some  time. 

The  town  was  upon  the  sides  of,  and  in  the  valley  between,  two  hills. 
It  had  two  sources  of  water  sujiply.  Mine  water  pumped  from 
about  500  ft.  below  the  surface,  and  surface  water  collected  in  wells. 
The  mine  water  was  freely  given  to  all  who  sent  for  it,  and  those  using 
it  were  not  confined  to  any  particular  district,  but  were  more  or  less 
scattered  throughout  the  entire  town.  A  miner  having  contracted 
typhoid  fever  elsewhere  sickened  uiwn  one  of  the  hill  slopes,  whence 
the  fever  presently  spread  over  the  entire  poiJulation  of  4  000  to 
5  000  people.  In  one  house  sixteen  cases  developed.  There  were 
no  instances  of  fever  among  those  using  mine  water.  As  an  illus- 
tration of  the  ignorance  frequently  displayed  respecting  water,  while 
the  fever  was  prevalent  wells  sealed  by  the  Local  Health  Board  were 
broken  into  by  families  insisting  on  the  use  of  their  own  supply. 
I  also  recall  seeing  people  dipping  water  from  a  small  brook  running 
through  the  town,  which  was  practically  a  sewer,  that  a  trip  to  the 
mine  for  water  might  be  saved. 

As  the  province  of  the  physician  is  to  cure  disease,  so  that  of  the 
engineer  is  to  prevent  it,  and  a  more  pronounced  method  of  j^opular 
instruction  would  be  found  useful  in  accomplishing  this  result,  and 
might  come  within  his  province. 

S.  Whineky,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Hill  has  given  the 
Society  a  very  valuable  paper  upon  the  subject  of  which  he  treats. 
While  he  does  not  claim  that  there  is  much  in  it  that  is  new,  he  pre- 
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sents  a  valuable  summation  of  the  present  state  of  knowledge  on  the 
subject,  and  some  pertinent  suggestions  as  to  the  sanitary  defects  in 
present  methods  of  water  supply,  and  the  means  that  are  available  for 
securing  pure  drinking  water,  and  of  avoiding  its  contamination  before 
and  after  being  collected  or  stored  for  use.  From  the  evidence  now  in 
our  possession,  the  jjroblem  of  securing  an  uncontaminated  supply  of 
water  for  domestic  use,  is  not  only  not  yet  practically  solved,  but  is 
every  day  becoming  more  difficult  of  satisfactory  solution.  Unless 
collecting  grounds  are  fully  controlled,  and  carefully  watched  and 
guarded,  there  can  be  no  certainty  that  uncontaminated  water  will  be 
secured.  As  the  population  of  the  country  increases  and  land  becomes 
more  valuable,  it  will  become  more  difficult  and  expensive  to  secure 
control  of  collecting  grounds,  and  to  guard  the  supply  against  contam- 
ination. Even  under  the  most  favorable  conditions,  the  danger  of 
pollution  will  be  very  considerable. 

The  evidence  is  accumulating  that  we  cannot  rely  on  artificial  fil- 
tration to  remove  from  drinking  water  the  germs  and  their  spores  that 
cause  specific  diseases.  It  was  for  a  time  supposed  that  filters  of  the 
Pasteur  type  could  be  depended  upon  to  entirely  remove  deleterious 
elements  from  water,  however  polluted.  It  is  now  conclusively  proven 
that  in  this  we  were  but  leaning  on  a  broken  reed.  Combined  filtra- 
tion and  oxidation  by  the  use  of  filtering  beds  of  sand  and  coarser 
materials  has  given  great  promise  of  success,  as  recently  conducted  in 
a  painstaking  and  scientific  manner  under  the  careful  supervision  of 
competent  experts  and  engineers.  What  the  result  would  be  under  or- 
dinary conditions  of  practice  is  at  least  problematic.  The  possibili- 
ties of  lack  of  intelligence,  carelessness,  and  management  under 
engineers  or  superintendents  more  noted  as  ward  politicians  than  as 
civil  engineers  or  sanitary  experts,  are  not  pleasant  to  contemplate. 
Probably  very  few  of  us,  in  the  present  state  of  knowledge  on  the  sub- 
ject, would  be  "tt-illing  to  trust  the  health,  and  possibly  the  lives,  of 
ourselves  and  our  families  to  the  use  of  drinking  water  known  to  be, 
in  its  natural  condition,  polluted  and  dangerous,  if  the  only  safeguard 
was  purification  by  this  method,  under  such  management  as  too  fre- 
quently controls  the  water  supply  of  our  cities. 

The  possibility  of  securing  a  perfectly  safe  water  supply  from  deep 
wells  in  or  near  a  great  many  of  our  cities,  especially  those  situated 
within  the  glaciated  regions  of  the  country,  is  worthy,  I  believe,  of  far 
more  attention  than  has  been  given  it  in  this  country.  The  evidence  is 
accumulating  of  the  existence  of  a  great  number  of  considerable 
streams  of  water  flowing  in  the  beds  of  pre-glacial  streams,  through 
beds  of  sand  and  detritus,  so  far  below  the  present  surface  that  the 
water  has  been  subjected  to  the  most  perfect  filtration,  so  that  it  is 
pure  and  wholesome  beyond  question.  Such  water  supplies  are  often, 
though  not  so  frequently,  found  in  regions  outside  of  those  subjected 
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to  glacial  action.  The  possibility  of  securing  such  supplies  should  be 
thoroughly  investigated  in  the  vicinity  of  every  city  where  there  is 
any  doubt  about  the  purity  of  the  supply  of  surface  water.  To  this 
end,  the  discovering  and  mapping  out  of  pre-glacial  water-courses 
should  receive  more  attention  than  it  has  heretofore,  over  the  whole 
region  of  glacial  action. 

To  me,  the  most  important  and  suggestive  part  of  Mr.  Hill's 
paper  is  that  relating  to  the  purifying  of  water  by  boiling  and  dis- 
tillation. This  is  not,  of  course,  a  new  idea,  but  it  is  recalled  to  the 
attention  of  engineers  by  Mr.  Hill  at  a  most  opportune  time.  Distil- 
lation is  Nature's  own  method  of  water  purification.  Our  standard  of 
purity  of  potable  waters  is,  and  will  continue  to  be,  water  distilled  by 
the  heat  of  the  sun  and  condensed  from  the  clouds  by  Nature's  jjro- 
cesses.  The  cup  of  water  we  collect  as  it  falls  from  the  clouds  is, 
baiTing  the  slight  possibility  of  contamination  by  germs  and  impurities 
floating  in  the  air,  absolutely  pure  and  wholesome  for  domestic  use. 
No  matter  how  impure  it  may  have  been  before  its  distillation,  it  may 
now  be  iised  with  perfect  safety.  It  is  possible  that  a  j^ortion  of  it 
may  have  come  from  the  filthiest  cesspools,  another  portion  from  the 
excrement  from  fever  hospitals  or  the  waste  from  diphtheria  wards, 
and  still  another  portion  may  have  come  from  the  filthy  haunts  of 
cholera  patients  in  the  far  East,  yet  we  may  now  drink  it  with 
impunity. 

Distillation  is  the  one  method  of  water  purification  that  all  are 
agreed  is  perfectly  etfective  and  reliable. 

The  only  question  about  the  practicability  of  this  method  is  that 
relating  to  cost.  Mr.  Hill  has  treated  of  this  part  of  the  subject  with 
considerable  detail,  and  has  shown  that  a  supply  of  absolutely  pure 
water  for  domestic  purposes  can  be  secured  at  a  cost,  which,  consider- 
ing the  gi-eat  benefit  that  would  result,  is  certainly  worth  incurring. 
I  believe,  however,  that  the  cost  may  be  materially  reduced  below  Mr. 
Hill's  estimate.  It  will  be  noticed  that  he  contemplates  condensing 
and  cooling  the  distilled  water  by  surface  condensers  cooled  by  the  97 
or  98%  of  water  that  must  be  provided  for  purposes  other  than  drink- 
ing. This  would  mean  the  wastage  of  all  the  heat  given  up  in  the  con- 
densation and  cooling  of  the  distilled  water.  If,  instead  of  thus  wasting 
this  heat,  it  be  iitilized  for  heating  the  water  to  be  distilled,  the  process 
would  be  cheapened  to  that  extent.  This  might  be  readily  accom- 
plished by  passing  the  steam  to  be  condensed  and  the  hot  condensed 
water  through  pipes  surrounded  by  the  incoming  water  on  its  way  to 
the  boilers.  Just  how  much  of  the  original  heat  could  thus  be  returned 
to  the  boilers,  I  am  not  j)repared  to  say;  but  it  is,  I  think,  safe  to  say 
that  40%  of  it  could  be  thus  saved  and  re-utilized.  Assuming  that  this 
is  possible,  it  would  not  only  reduce  in  the  same  ratio  the  cost  of  fuel  and 
attendance,  but  the  cost  of  the  plant  for  distillation  also.     Making 
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sucli  modifications  as  this  assumption  -nill  allow,  and  making  some 
other  changes  in  Mr.  Hall's  estimate  as  seem  warranted,  we  shall  have 
the  following  as  the  cost  of  treating  1  000  000  galls,  per  dav: 

Cost  of  i^lant  for  distillation §135  000 

Cost  of  sei^arate  system  of  j^ipes  for  a  city  of 

160  000  population 450  000 

Cost  of  plant  for  aeration  of  water  if  thought 

necessary 15  000 

Total S600  000 


Cost  of  Operating  for  one  Year. 

Interest  on  investment  at  4  per  cent 824  000 

Eepairs  and  renewals  at  5  per  cent 30  000 

Cost  of  fuel 91  500 

Cost  of  labor  and  superintendence 24  000 

Total •. §169  500 


"which,  divided  by  365  000  000  galls. ,  gives  as  the  cost  of  purification 
per  1  000  000  galls,  about  §465. 

I  have  no  data  at  hand  as  to  what  amount  of  water  would  be  neces- 
sary for  drinking  and  such  other  domestic  purposes  as  would  insure 
freedom  from  specific  diseases  caused  by  contaminated  water,  but  I 
think  it  would  be  safe  to  assume  that  the  amount  would  not  exceed  6 
galls,  per  capita.  On  this  assumption  1  000  000  galls,  would  be  suffi- 
cient for  a  city  having  a  population  of  160  000,  and  the  cost  i>er  capita 
per  day  would  be  less  than  three-tenths  of  1  cent,  and  the  cost  for 
a  family  of  five  persons  would  be  IJ  cents  per  day,  or  about  §5  50  per 
year. 

It  is  to  be  anticipated  that  the  most  serious  difficulty  in  operating 
such  a  system  will  be  found  in  the  jjroper  regulation  of  the  use  of  the 
purified  water.  On  the  one  hand,  some  families  would  be  disposed 
to  use  the  pure  wa.ter  for  other  than  the  purposes  for  which  it  is  in- 
tended, and  others,  either  from  carelessness  or  to  avoid  the  cost,  would 
be  likely  to  omit  its  use.  The  first  difficulty  might  be  met  by  the  use 
of  meters  at  every  house,  and  for  the  use  of  such  meters  a  reasonable 
rental  would  have  to  be  charged. 

The  opposite  difficulty  could,  perhaps,  be  best  met  by  requiring  by 
municipal  ordinance  the  use  of  the  pure  water  for  certain  stipulated 
purposes,  and  making  it  the  duty  of  sanitary  inspectors  to  see  that  the 
ordinance  was  complied  with. 
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What  I  have  said  is  intended  only  as  an  outline  of  what  might  be 
done  in  this  way  toward  the  furnishing  of  an  absolutely  pure  supply 
of  Avater  for  domestic  use.  The  subject  is  of  such  great  importance 
as  to  merit,  in  my  opinion,  the  most  careful  consideration  and  investi- 
gation of  the  system  suggested,  by  water-works'  ex^^erts  and  sanitary 
engineers. 

William  P.  Mason,  Esq.  (by  letter). — The  author  of  this  paper 
appears  to  be  a  believer  in  the  power  of  water  to  spread  disease,  but 
some  of  the  statements  and  quotations  advanced  by  him  would 
certainly  go  far  to  unsettle  the  public  mind  and  cause  lack  of  faith 
in  the  teachings  of  some  able  masters. 

He  says  :  "While  water  is  held  to  be  a  carrier  of  disease  germs,  the 
writer  is  not  aware  that  any  investigator  has  ever  claimed  to  have  seen 
these  germs  in  water,  even  under  the  highest  powers  of  the  micro- 
scope ;  and  the  evidence  that  water  is  such  a  carrier  of  pathogenic 
bacteria  is  obtained  by  inoculation  from  water  samples  of  nutrient 
media  in  test  tubes  or  on  culture  plates." 

"The  typhoid  bacillus  in  water  has  never  been  seen  with  the  micro- 
scope without  jsrevious  cultivation  of  the  germ  in  nutrient  media. 
Nor  has  it  ever  been  demonstrated,  so  far  as  the  writer  is  aware, 
that  the  presence  of  bacilli  in  water  can  be  proven,  excepting  by  deli- 
cate and  difficult  bacteriological  processes." 

That  single  individuals  of  the  Eberth  bacillus  should  escape  direct 
detection  is  hardly  to  be  considered  surprising,  in  view  of  the  enor- 
mous volumes  of  water  in  which  they  are  suspended.  However  diffi- 
cult the  processes  of  modern  bacteriology  may  be  for  a  tyro,  it  is 
hardly  just  to  consider  them  unreliable  in  the  hands  of  such  experts 
as  Koch,  Pasteur  or  Eberth  ;  and,  if  any  one  of  these  men,  or  of  many 
others  who  might  be  named,  should  state  that  he  had  secured  pure 
cultures  of  a  sjjecific  germ  under  circumstances  which  excluded  the 
possibility  of  extraneous  contamination,  we  should  be  exceedingly 
liable  to  believe  him. 

Again  :  "  It  is  well  understood  that  the  infective  element  of  typhoid 
fever  can  be  present  in  water  and  the  chemical  test  be  powerless  to 
disclose  it." 

True  enough,  but  it  does  not  complete  the  story.  During  an  in- 
vestigation following  a  serious  outbreak  of  tyjDhoid  fever  in  the  Tees 
valley,  England,  the  medical  officer  of  the  Local  Government  Board, 
London,  caused  jjreparation  to  be  made  of  samples  of  jjure  water  to 
which  small  quantities  (50  and  25  parts  per  1  000  000)  of  typhoid  dejecta 
had  been  added,  and  these  samples  were  then  submitted  to  prominent 
water  analysts  for  examination.  No  results  upon  which  an  adverse  re- 
port could  be  based  were  obtained.  The  contaminated  waters  were  pro- 
nounced pure.  It  must  be  remembered  that  the  polluting  material,  as 
weighed,  being  very  largely  water,  the  pollution  appeared  greater  than 
it  really  was.  Fifty  parts  per  1  000  000  of  the  typhoid  dejecta  corre- 
sponded to  only  4  parts  per  1  000  000  of  total  dry  residue.     As  a  natural 
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result  of  these  experiments,  the  purely  chemical  methods  of  water 
examination  received  very  severe  criticism,  and  the  advocates  of  the 
exclusively  bacteriological  processes  were  correspondingly  elated,  for 
here  were  known  instances  of  fatal  contamination  which  the  chemists 
had  failed  to  diagnose.  Let  this,  however,  be  said  in  defence.  In 
cases  as  they  occur  in  practice  a  serious  addition  of  typhoid  dejecta 
has  much  that  is  associated  with  it  of  a  comparatively  inoffensive 
character,  but  which  reacts  with  the  chemical  reagents  and  tells  the 
tale  of  sewage  contamination,  although  the  analyst  cannot  venture  to 
state  the  exact  nature  of  the  source  from  which  the  pollution  is 
derived. 

Not  long  since  the  writer  claimed  that  the  river  water  furnishing  a 
l^rge  eastern  city  was  contaminated  with  up-stream  sewage,  the 
opinion  having  been  based,  not  alone  upon  an  analysis  of  the  water  at 
the  intake,  for  the  river  was  large  and  the  consequent  dilution  great, 
but  upon  the  difference  between  that  analysis  and  one  of  the  water 
taken  from  above  the  sewage  inflow.  The  difference  was  small,  but  it 
was  noticeable,  and  there  was  no  other  sufficient  explanation  of  its 
existence  than  the  one  given.  Later  on  typhoid  fever  broke  out  in 
the  upper  valley,  and  epidemics  developed  not  only  in  the  city  in 
question,  but  in  all  the  neighboring  towns  using  the  river  water  for 
supply.  Closely  related  cities  and  towns,  which  received  their  water 
from  other  sources,  were  not  affected.  Space  does  not  permit  of  giv- 
ing details,  showing  how  clearly  the  case  stood  against  the  river  water, 
but  it  is  interesting  to  note  that  typhoid  germs  were  most  carefully 
sought  for  and  were  not  found.  That  they  were  nevertheless  present, 
there  can  be  but  little '  doubt.  Chemical  analysis  in  this  instance  did 
certainly  not  detect  the  presence  of  typhoid,  but  what  it  did  do  was 
to  warn  the  people,  months  before  the  typhoid  appeared,  that  they 
were  drinking  diluted  sewage,  and  that  they  must  beware  of  the  time 
when  that  sewage  should  come  from  j^athogenic  sources. 

The  paper  m  question  goes  on  to  say  : 

"  The  popular  imiJression  that  the  Koch,  or  Finkler  and  Prior, 
comma  bacillus  is  the  cause  of  cholera  is  fallacious,  or,  at  least,  not 
proven.  The  same  remark  applies  to  the  typhoid  bacillus  of  Eberth. 
The  jji'oof  is  still  wanting  that  this  will  cause  typhoid." 

This  last  is  a  quotation  from  Sternberg's  "  Manual  of  Bacteriology," 
but  it  is  very  misleading  because  it  is  incomplete. 

"What  Sternberg  really  says  is  this: 

"Recent  researches  support  the  view  that  the  bacillus  described 
by  Eberth  in  1880  bears  an  etiological  relation  to  typhoid  fever ; 
and  pathologists  are  disposed  to  accejit  this  bacillus  as  the  veritable 
germ  of  typhoid  fever,  notwithstanding  the  fact  that  the  final  jjroof 
that  siich  is  the  case  is  still  wanting. 

"This  final  proof  would  consist  in  the  production  in  man  or  in  one  of 
the  lower  animals  of  the  specific  morbid  phenomena  which  characterize 
the  disease  in  question,  by  the  introduction  of  pure  cultxires  of  the 
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bacillus  into  tlie  body  of  a  healthy  individixal.  Evidently  it  is  im- 
practicable to  make  the  test  ui^on  man,  and  thus  far  -we  have  no  satis- 
factory evidence  that  any  one  of  the  lower  animals  is  subject  to  the 
disease  as  it  manifests  itself  in  man." 

Now,  that  is  a  very  different  statement,  and  conveys  a  meaning 
greatly  unlike  the  one  suggested  by  the  partial  quotation  referred  to. 

The  paper  again  says  : 

"Absolutely  healthy  persons  have  been  known  to  reject  the  Eberth 
bacillus  in  their  excrement,  showing  such,  probably,  to  be  in  the 
intestines  at  all  times." 

This  is  an  error.  The  bacillus  coli  communis,  which  closely 
resembles  the  typhoid  bacillus,  is  constantly  present  in  the  intestines 
of  healthy  jjersons,  and  may  lead  to  confusion,  but  no  position  such 
as  the  above  quotation  indicates  is  now  occuj^ied  by  bacteriologists. 
In  this  connection  Sternberg  (an  authority  frequently  quoted  in  the 
the  paper)  says  :  "  No  comjietent  bacteriologist,  so  far  as  I  know,  has 
claimed  to  find  the  Eberth  bacillus  in  the  fseces  of  healthy  individ- 
uals." 

As  to  the  doubt  thrown  upon  the  correctness  of  the  view  that 
Koch's  comma  bacillus  is  the  cause  of  cholera,  the  work  of  Sternberg 
will  hardly  endorse  it.     In  this  connection  Sternberg  says: 

' '  The  etiological  relation  of  this  spirillum  to  Asiatic  cholera  is 
now  generally  admitted  by  bacteriologists."  And  also  :  "The  most 
satisfactory  evidence  that  this  spirillum  is  able  to  produce  cholera 
in  man  is  afforded  by  an  accidental  infection  w  hich  occurred  in  Berlin 
in  the  case  of  a  young  man  who  was  one  of  the  attendants  at  the 
Imperial  Board  of  Health  when  cholera  cultures  were  being  made  for 
the  instruction  of  students." 

As  to  the  statement  in  the  paper  that  "  fatal  cases  of  typhoid  have 
been  attended  with  none  of  the  Eberth  bacillus  in  the  faeces,  or  in  the 
intestines,  the  seat  of  the  disease,"  it  is  to  be  noted  that  Gaffky's  inves- 
tigations show  it  to  be  by  no  means  a  serioiis  objection.  He  considers 
the  technical  difficulties  surrounding  a  hunt  for  the  bacillus,  in  some 
few  instances,  so  considerable  as  to  readily  account  for  a  small  per- 
centage of  negative  results;  and  he  cites  instances  where  he  found  the 
"germ  "  after  an  amount  of  patient  search  which  extended  far  beyond 
the  point  where  the  average  observer  would  have  ceased  work  and 
placed  a  negative  report  upon  record. 

Finally  the  paper  has  much  to  say  upon  the  imperfections  of  mod- 
ern filters  and  the  danger  of  using  water  therefrom.  It  goes  without 
saying  that  i)ure  water  is  better  than  purified  water,  but  then  the 
former  is  often  unattainable  and  we  have  to  do  with  the  latter  or  go 
without. 

Especial  stress  is  laid  upon  the  fact  that  even  when  the  filtration  is 
so  successfully  accomplished  as  to  leave  in  the  filtrate  only  one  or  two 
bacteria  per  cubic  centimeter,  yet  "  a  jjerson  may  imbibe  from  250  to 
500  bacteria  in  drinking  a  single  glass  of  water,  some  of  which  may  be 
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pathogenic  and  produce  typhoid  fever  or  some  less  dangerous  disease. " 
Such  a  degree  of  excellence  in  filtration  as  the  obtaining  of  a  filtrate 
with  only  one  or  two  bacteria  per  cubic  centimeter  is,  indeed,  rarely 
attained;  yet  the  public  have  a  right  to  look  with  confidence  upon  a 
plant  which  does  not  pretend  to  accomplish  half  that  amount  of 
purification. 

Consider  for  a  moment  what  the  Altona  filters  did  for  that  city  dur- 
ing the  Hamburg  cholera  epidemic  of  1892.  The  Altona  water  was 
taken  from  the  Elbe  River  at  a  point  below  the  outfalls  of  sewers  car- 
rying the  cholera-infected  sewage  of  800  000  people.  Yet  Altona  had 
no  cholera  (except  imported  cases),  while  Hamburg  was  scourged  by 
it.  The  cities  are  practically  one,  a  stranger  being  unable  to  tell  the 
dividing  line. 

Take  the  numbers  showing  the  efficiency  of  the  Altona  filters  during 
one  month  of  1892. 

The  bacteria  in  the  raw  Elbe  water  per  cubic  centimeter  varied  from 
9  370  to  44  140,  with  an  average  of  28  667.  The  average  niimber  in  the 
filtered  water  was  90.  This  meant  a  removal  of  99.69%'  of  germs  of  all 
kinds,  0.31%  still  remaining.  The  filtrate  was  by  no  means  sterilized, 
but  the  city  was  protected  from  a  cholera  epidemic  under  circum- 
stances trying  in  the  extreme.  As  to  the  efficiency  of  sand  filtration 
for  water  purification,  the  following  figures  are  given  for  results  found 
at  the  Lawrence  experiment  station,  the  filters  having  been  operated 
with  water  containing  known  quantities  of  bacteria: 


Rate  in  gallons  per  acre  daily. 

Kind  of  bacteria  a.lded. 

Per  cent,  removed. 

1  500  000 
3  000  000 

B  typhi,  abdom. 
B.  prodigiosus. 

99.93 
99.95 

This  reduction  of  the  niimber  of  germs  in  a  given  volume  of  water 
is  possibly  equivalent  to  a  dilution  of  the  iinfiltered  water  with  a  very 
large  volume  of  a  pure  supply,  and  in  this  connection  the  writer  of  the 
paper  says:  "  Dilution  may  reduce  the  chances  of  any  single  individual 
imbibing  a  fatal  germ,  but  the  germ  itself  will  be  just  as  dangerous 
when  it  is  imbibed." 

This  is,  doubtless,  true,  if  the  individual  be  especially  susceptible, 
for  it  has  been  experimentally  shown  that  a  single  germ  may  jDroduce 
fatal  results  when  injected  into  an  animal  very  prone  to  the  special 
disease,  but  as  it  has  been  also  shown  that  when  the  animal  is  not  very 
susceptible,  the  "  dose  "  of  bacteria  has  to  be  enormously  increased  to 
produce  any  result.  We  incline  to  believe  that  some  similar  reason 
may  account  for  the  apparent  immunity  of  that  fraction  of  a  commu- 
nity which  has  been  equally  exposed,  but  which  escapes  contagion. 

What  the  pajjer  says  regarding  the  imsatisfactory  results  observed 
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where  houseliold  filters  are  in  use  is  unfortunately  very  true,  but  the 
fault  is  more  commonly  with  the  attendant  than  with  the  filter.  The 
common  belief  is  that  a  filter,  once  established,  is  good  for  all  time, 
and  I  could  tell  tales  of  what  I  have  seen  in  otherwise  well-organized 
establishments  that  would  stagger  belief.  I  do  not  approve  of  general 
household  filtration,  as  I  believe  purification  can  be  better  and  more 
cheaply  done  on  the  large  scale  by  the  municipal  authorities,  but  I  can- 
not think  that  the  Pasteur  filter  should  be  swept  aside  like  the  worthless 
contrivance  the  paper  calls  it.  My  experience  is  that,  with  proper 
care,  it  is  efficient.  Extended  tests  were  made  with  it  for  the  Connec- 
ticut Board  of  Health  in  1892,  which  show  that  it  may  be  depended 
upon,  if  the  jiorcelain  cylinder  be  cleaned  and  sterilized  once  a  week. 

Freiindenreich  has  obtained  similar  results,  and  has  also  shown  that 
the  length  of  time  during  which  the  filter  is  efficient  depends  upon 
the  temperature. 

John  W.  HixiL,  M.  Am.  Soc.  C.  E.  (by  letter). — The  one  grand 
i:>roposition  in  connection  with  the  quality  of  water  supplies  is  that  a 
polluted  water  is  the  immediate  or  original  cause  of  typhoid  fever 
and  the  typhoid  symptoms  in  typhoid  malarial  fever,  and  that  a 
water  at  all  times  wholly  free  from  the  typhoid  bacillus  can  never 
produce  typhoid  when  used  as  a  beverage,  nor  in  any  other  way. 

Such  water  is  very  difficult  to  find  in  Nature,  or,  being  foiind,  it  is 
difficult  to  preserve  it  free  from  contamination. 

Water  gathered  at  great  elevations  above  habitations  and  the  oper- 
ations of  husbandry,  and  imjDOunded  in  large  deep  reservoirs,  is  jjer- 
haps  the  nearest  approach  to  sterilized  water  in  Nature  which  we  can 
hope  to  make. 

Rivers  which  receive  sewage  at  any  point  above  or  at  short  dis- 
tances below  water-works  intakes  can  never  be  regarded  as  safe  sources 
for  drinking  water.  The  same  statement  apjDlies,  but  generally  with 
less  force  (excepting  Lake  Michigan  at  Chicago),  to  lakes  which  are 
the  outfalls  for  town  sewage. 

Sand  filtration  abroad  has  generally  been  attended  with  good 
results,  but  it  cannot  be  relied  upon  to  remove  all  disease  germs,  and 
in  this  country,  from  my  own  experience,  the  continiious  sand  filter  as 
usually  operated  is  not  to  be  depended  upon  as  a  safeguard  against 
disease  germs  in  water.  From  some  investigations  which  I  am  now 
making  of  the  water  of  the  Passaic  River,  N.  J.,  I  find  enormous  growths 
of  bacteria  on  gelatine  and  agar  plates,  even  after  the  water  has  been 
passed  through  one  of  our  celebrated  mechanical  filters.  Plates  being 
inoculated  simultaneously  from  unfiltered  and  filtered  water,  the  rela- 
tive growths  of  bacteria  from  the  filtered  water  is  very  startling.  The 
results  of  the  investigations  mentioned  above  when  completed  will  be 
piiblished  in  due  time  in  one  of  the  engineering  journals. 

In  replying  to  the  criticisms  of  Professor  Mason,  the  writer  believes 
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that  water  is  the  carrier  of  the  typhoid  and  other  disease  germs,  and 
he  is  willing  to  accept  the  present  evidence  as  proof  of  this.  There 
is  no  desire  to  "  unsettle  the  piiblic  mind  and  cause  lack  of  faith  in  the 
teachings  of  some  able  masters,"  and  if  there  is  anything  in  the  paper 
which  rejects  the  conclusions  of  Eberth,  Koch  and  other  investigators 
of  the  tyi^hoid  bacillus,  the  writer  must  confess  to  such  a  degree  of 
obtuseness  as  not  to  be  able  to  recognize  it.  If  the  writer  has  not 
made  his  position  clear  upon  this  question  in  the  paragraph  at  the 
Ijottom  of  page  1.35  et  seq.,  then  the  fault  lies  in  the  choice  of  language 
and  not  in  intention. 

In  stating  that  the  proof  is  still  wanting  that  the  Eberth  bacillus 
will  cause  typhoid,  the  reference  was  made  to  Dr.  Sternberg's  excellent 
"  Manual  of  Bacteriology,"  where  those  who  may  be  interested  in  this 
phase  of  the  water  question  can  examine  the  authority  at  their  conve- 
nience and  draw  their  own  conclusions. 

It  might  have  been  better  to  quote  at  length  from  Dr.  Sternberg's 
work,  but  it  was  not  considered  necessary,  and  would  not  have 
changed  the  substantial  fact  that  "  the  proof  is  still  wanting  "  that  the 
Eberth  bacillus  will  cause  typhoid  in  man,  however  confident  Dr. 
Sternberg,  Prof.  Mason,  and  others  may  be  that  it  will.  In  this 
opinion  the  writer  shares,  but  until  inoculation  experiments  have  been 
made  upon  man  (and  this  is  obviously  impossible  in  an  enlightened  and 
humane  age),  there  will  remain  some  foundation  for  the  opinion 
so  often  expressed  of  the  fallibility  of  the  germ  theory  of  disease. 
While  the  evidence  clearly  shows  the  connection  of  the  typhoid  bacil- 
lus of  Eberth  with  the  typhoid  fever  symptoms,  and  probably  shows 
it  as  the  cause  of  typhoid,  the  positive  evidence  can  be  had  only  in  the 
manner  pointed  out. 

That  the  processes  for  the  differentiation  of  the  typhoid  bacillus 
from  other  water  bacteria  are  both  "difficult  and  delicate,"  even  in 
the  hands  of  a  master,  Professor  Mason  is  referred  to  Dr.  Yaughan's 
"Bacteriological  Study  of  Drinking  Water,"  1892,  and  to  Dr.  Stern- 
berg's "Manual  of  Bacteriology,"  page  349,  last  paragraph,  as  well  as 
to  his  own  paper  on  "  Some  Cases  of  Drinking  Water  and  Disease," 
1891,  when,  notwithstanding  his  careful  attempts  at  cultivation  of  the 
typhoid  bacillus  from  the  infected  waters  of  the  Mohawk  and  Hudson 
rivers,  he  failed  entirely  to  find  the  germ.  There  is  no  doubt  of  the 
typhoid  bacillus  being  in  the  water  at  the  time  of  its  examination  by 
Professor  Mason,  but  his  attempts  to  show  the  existence  of  it  were 
entirely  negative.  He  gives  a  satisfactory  reason  for  this,  but  his 
reason  only  proves  that  an  attempt  to  demonstrate  the  existence  of  the 
germ  in  water  is  very  difiicult,  and  he  is  undoubtedly  aware  of  the 
fact  that  the  tests  for  the  germ  are  very  delicate  and  not  very 
reliable. 

The  paragraph  quoted  by  Mr.  Mason  on  page  165  was,  uj^on  the 
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advice  of  Dr.  Sternberg,  withdrawn  before  the  paper  was  read  at  the 
Convention,  and  the  following  paragraph  was  substituted: 

"In  order  to  approach  the  question  of  water  pollution  properly, 
it  must  be  borne  in  mind  that  while  polluted  water  is  held  to  be  the 
cause  of  certain  diseases,  exactly  how  it  acts  on  the  human  system  is 
not  well  known.  Bacteriologists  generally  regard  the  Koch  cholera 
bacillus  and  the  Eberth  typhoid  bacillus  as  the  causes  of  these 
diseases,  but  this  view  is  not  shared  by  all  physicians  as  it  should  be 
if  the  proof  of  cause  was  sufficient;  although  common  prudence  should 
decide  us  in  rejecting  any  water  known  to  contain  the  cholera  or 
typhoid  bacilli,  whether  these  germs  be  regarded  as  the  cause  or  result 
of  disease,  since  they  indicate  the  presence  of  the  cause  even  if  not 
themselves  the  cause." 

In  regard  to  the  remarks  upon  the  incomj^etency  of  any  known 
method  of  filtration  to  prevent  typhoid  fever,  the  writer  can  only  add 
to  what  he  has  already  stated  in  discussing  this  aspect  of  the  quality 
of  water,  that  while  filtration  may  mitigate,  it  cannot  be  depended 
upon  to  wholly  remove  the  evils  of  a  polluted  water.  Thus  the 
removal  by  filtration  of  99^?^;^  of  the  bacteria  is  accompanied  by  a  re- 
duction of  75/0  ill  the  typhoid  fever  death  rate,  showing  that  the 
1%  of  bacteria  remaining  in  the  water  are  as  virulent  in  a  pathogenic 
sense  as  33%  of  the  bacteria  removed.  Professor  Mason  has  stated* 
that  during  the  epidemic  of  typhoid  fever  in  Albany  and  vicinity 
(1890-91)  "boiling  of  water  for  drinking  purposes  was  recommended, 
and  no  typhoid  develojied  among  families  who  followed  the  recom- 
mendation," clearly  indicating  that  absolute  safety  from  a  water  of 
known  pollution  lay  in  the  direction  of  sterilization  and  not  in  the 
direction  of  filtration.  This,  in  short,  is  the  writer's  position  with 
reference  to  the  problem  of  eliminating  typhoid  fever  from  the  list  of 
diseases  by  which  we  are  now  confronted.  Let  all  polluted  water  be 
properly  sterilized  and  there  will  be  no  typhoid  among  the  people  who 
drink  and  cook  exclusively  with  such  water. 

*  "  Notes  on  Some  Cases  of  Drickiiig  Water  and  Disease."    Professor  William  P.  Mason,  1891» 
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General  History  and  Description  of  the  Work, — Ever  since  Cortes 
established  the  present  city  of  Mexico  on  the  site  of  the  ancient  Aztec 
Venice,  the  iirobleni  of  the  drainage  of  the  Valley  of  Mexico  may  be 
said  to  have  occupied  the  attention  of  its  inhabitants.  Numerous  have 
been  the  projects  for  dealing  with  the  difficulty,  and  very  large  amounts 
of  money  have  been  spent  and  much  work  done  since  the  time  referred 
to,  work  which  in  some  cases  has  been  i^artially  successful  or  which  at 
any  rate  has  tended  (aided  by  the  changes  in  the  rainfall  of  the 
district,  contraction  of  the  area  of  the  lakes,  etc.)  to  modify  consid- 
erably the  old  conditions  and  to  simplify  somewhat  the  problem.  It 
would  take  too  long  to  enter  into  this  past  history  in  proper  detail. 
In  modem  times  and  during  the  Empire  of  Maximilian  the  project 
now  in  course  of  execution  was  commenced,  and  several  of  the  shafts  on 
the  line  of  the  existing  tunnel  sunk  to  a  considerable  depth,  and  ma- 
chinery and  expensive  buildings  in  connection  with  the  work  erected. 
The  fall  of  the  empire  and  the  years  of  trouble  for  the  country  that  fol- 
lowed, put  a  complete  stop  to  the  works,  and  it  was  not  until  1885, 
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when  a  special  Commission  or  Drainage  Board  was  formed  by  General 
Diaz,  tliat  work  under  the  direction  of  Mr.  Espinosa,  the  Government 
Engineer,  was  again  commenced  with  any  vigor.  Want  of  funds 
however,  prevented  any  great  progress  being  made  until  March,  1888, 
when  arrangements  for  a  loan  were  completed  and  the  work  taken  in 
hand  by  the  present  contractors,  Messrs.  Eead  &  Campbell.  On 
the  transfer  of  the  work  by  the  Government,  the  contractors  found 
1  639  yds.  of  tunnel  completed  at  the  northern  or  open  end  and  an 
aggregate  depth  sunk  in  the  various  shafts  of  some  2  937  ft. ,  four  of 
the  shafts  being  down  to  tunnel  level  in  the  completed  section,  the 
remainder,  as  was  proved  later,  having  reached  the  level  at  which  water 
was  to  be  encountered  in  large  quantities.  The  original  time  allowed 
for  the  completion  of  the  work  was  extremely  short  and  gave  rise  to 
the  attemjit  to  work  from  all  the  shafts  at  once  with  a  pumping 
installation  at  each,  as  well  as  from  the  open  end.  The  quantity  of 
water  had,  however,  been  completely  underestimated  owing  to  the 
impossibility,  from  the  nature  of  the  ground,  of  obtaining  reliable 
data,  and  this  plan  of  working  had  to  be  given  up,  as  also  an  attempt 
to  prolong  the  tunnel  some  4  miles  at  the  southern  end  with  a  view 
to  replacing  the  canal  section,  where  the  depth  of  excavation  exceeded 
60  ft.  At  one  time  the  quantity  of  water,  being  raised  in  several  of 
the  shafts,  amounted  to  1  000  galls,  per  minute,  and  the  enormous 
expense  was  entirely  out  of  proportion  to  the  advance  made. 

After  a  number  of  modifications  of  the  contract  the  contractors 
notified  the  Government  that  they  could  not  continue  at  the  prices 
agreed  on,  nor  on  the  conditions  as  to  time,  and  finally  in  March, 
1892,  an  arrangement  was  entered  into  by  which  the  contractors  con- 
tinued to  carry  on  the  work  on  behalf  of  the  Government  as  managers 
and  administrators. 

The  small  size  of  the  shafts,  the  shape  of  the  tunnel  and  the  char- 
acter of  the  ground  had  all  been  obstacles  to  the  carrying  out  of  the 
work  in  the  three  years  as  originally  proposed,  coupled  with  the  loss  of 
time  due  to  the  wrecking  of  a  steamer  off  Vera  Cruz  carrying  the 
heavy  pumping  machinery  for  the  deeper  shafts.  As  regards  the 
shafts  it  may  be  mentioned  that  they  were  designed  7  ft.  by  10  ft. 
inside  dimensions,  with  an  18-in.  lining  of  brickwork,  and,  at  the  time 
of  the  tiirning  over  of  the  work  to  the  contractors,  were  mostly  sunk 
more  than  half  of  the  total  depth  required,  but  temporarily  abandoned. 
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On  the  section  of  6i  miles  of  tunnel  under  construction  the  shafts  are 
24  in  number,  being  spaced  about  a  quarter  of  a  mile  apart  with  an 
average  depth  of  some  175  ft.,  the  deepest  being  300  ft.  and  the 
shallowest  65  ft.  deep. 

The  city  of  Mexico  is  situated  on  the  central  table-land  of  the  Re- 
public at  an  elevation  of  some  7  500  ft.  above  sea-level  and  at  the 
extremity  of  a  large  flat  valley  surrounded  by  mountains,  through 
which  there  is  practically  no  exit  for  the  water  falling  in  this  basin. 
The  city  is  at  present  drained  into  Lake  Texcoco,  one  of  the  lakes 
surrounding  the  city,  but  there  is  little  fall  even  in  the  dry  season, 
and  in  the  wet  season  the  waters  frequently  back  up  in  the  sewers 
and  cause  inundations  in  the  streets.  Various  palliative  measures, 
such  as  pumping  at  the  outfall  of  the  sewers,  etc.,  have  been  adopted 
which  have  somewhat  modified  the  evils,  but  nothing  but  the  com- 
pletion of  the  tunnel  at  present  under  construction,  coupled  with 
proper  sewering  of  the  city,  can  ever  cure  the  existing  evils  and  make 
the  valley  and  the  city  what  they  should  be,  with  the  delightful 
climate  and  situation.  The  object  of  the  works  is  therefore  two-fold, 
to  control  the  water  in  the  lakes  and  in  the  valley,  getting  rid  of  any 
injurious  surplus,  and  to  afford  an  outlet  for  the  storm  waters  and 
sewage  of  the  city  proper. 

The  works  consist  of  a  canal  some  35  km.  long,  starting  from  the 
city  gates,  and  a  tunnel  with  a  length  of  some  10  km.  The  canal 
varies  in  depth  from  5.5  m.  to  20.5  m.  at  the  junction  with  the  tunnel. 

In  March,  1892,  the  Drainage  Commission  decided  to  concentrate, 
as  far  as  possible,  the  pumping  machinery  at  the  shafts  at  the 
northern  or  ojien  end  of  the  tunnel,  and  to  devote  special  attention  to 
a  vigorous  prosecution  of  the  bottom  heading  with  a  view  to  connect- 
ing the  various  shafts  as  speedily  as  isossible,  and  of  so  affording  an 
oiitlet  for  the  waters  through  the  open  end  of  the  tunnel.  As  time 
was  not  such  an  imj)ortant  element  in  the  contract,  and,  further,  as  a 
great  many  of  the  most  heavily  watered  shafts  had  now,  in  spite  of 
great  difficulties,  been  sunk  and  the  tunnel  in  part  built  from  them,  this 
scheme  promised  to  give  the  best  and  most  economical  results.  At 
the  date  of  this  change  the  back  of  the  difficulties  had  been  broken, 
the  tunnel  was  in  active  construction  at  numerous  points,  and  the 
organization  perfect  in  every  respect. 

This  change  in  the  plan  of  working  was  largely  due  to  Mr.   J. 
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Limantour,  President  of  the  Drainage  Board  (now  Minister  of  Finance), 
wlio  insisted  especially  on  a  more  vigorous  prosecution  of  the  bottom 
heading  at  any  cost,  although  at  that  time  the  results  obtained  in 
driving  the  heading  did  not  apj^ear  likely  to  reach  anything  like  those 
ultimately  obtained.  When  this  plan  was  commenced  there  was  about 
1}  miles  of  the  tunnel  completed  at  the  ojien  end,  which  afforded  an 
excellent  outlet  for  the  water.  While  the  bottom  heading  was  being 
pushed  from  one  shaft  to  another,  no  other  work  was,  as  a  rule, 
attempted  in  the  same  run  of  ground,  as  it  was  found  that  it  delayed 
more  or  less  the  progress  of  the  heading.  As  soon  as  two  shafts  were 
connected,  tunneling  could  be  commenced  at  once  between  them,  pro- 
viding care  was  taken  not  to  block  the  water  and  so  stop  work  in  the 
heading  which  was  being  driven  ahead  to  connect  with  the  next  shaft 
to  the  south.  In  order  to  make  speedy  tunnel  progress,  it  was  neces- 
sary to  obtain  as  many  working  faces  as  possible  by  the  construction 
of  break-ups  or  intermediate  sections  of  tunnel  between  the  shafts, 
break-ups  having  been  used  by  the  contractors  previously  with  great 
success;  and  so,  as  soon  as  a  tunnel  was  started  from  the  two  shafts,, 
some  convenient  spot  in  the  heading  between  the  shafts  would  be 
selected  and  break-ups  made  through  the  heading  and  a  length  of 
tunnel  opened,  by  which  means  two  more  faces  were  obtained  to  work 
from.  The  number  of  these  break-ups  depended  on  circumstances,  on 
the  nature  of  ground,  etc. ;  for  instance,  between  Shafts  Nos.  14.  and 
13,  one  break-up  was  used;  between  Nos.  14  and  15,  two  break-ups, 
and  between  Nos.  15  and  16,  three  break-ups;  it  was  found,  however, 
that  two  was  the  best  number  for  convenient  working.  When  the 
deepest  shaft  (having  a  total  depth  of  300  ft.)  was  in  operation,  there 
were,  in  working  one  regular  tunnel  face  towards  the  north  or  open 
end,  and  one  to  the  south,  three  break-ups,  and  then  the  regular  face 
of  Shaft  No.  16,  north;  the  faces  were  divided  between  the  two  shafts, 
and  No.  17  had,  therefore,  to  deal  with  one  face  to  the  north  and  one 
face  to  the  south,  and  also  a  break-up  and  a  half,  or  three  faces,  or  in 
all,  five  faces,  a  large  number  for  a  shaft  of  such  dej^th,  and  of 
such  a  small  section. 

By  means  of  these  break-ups  the  progress  of  the  tunnel  was 
very  materially  increased,  as  each  face  would  average  60  to  90  ft.  jser 
month,  making  it  possible  to  join  the  tunnel  between  two  shafts  in 
about  three  months  ;  where  the  double-length  system  (mentioned 
later)  was  employed,  better  progress  was  made. 
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Not  only  was  work  carried  on  from  the  open  end  and  in  shafts 
nearest  to  it,  but  also,  at  isolated  points  where  water  could  be  easily- 
dealt  with,  both  tunnel  and  heading  were  vigorously  prosecuted. 

The  choice  of  points  to  be  worked,  and  the  general  scheme  of 
work,  the  decision  as  to  where  heading  only  was  to  be  driven  and  no 
tunnel  constructed,  etc.,  were  matters  of  considerable  study  in  order 
to  obtain  the  best  results  with  the  smallest  possible  expenditure;  but 
it  is  unnecessary  to  go  into  this  question  here.  It  suffices  to  say  that 
the  Government  placed  itself  more  or  less  in  the  hands  of  the  con- 
tractors in  these  matters,  and  co-operated  with  them  most  heartily 
in  all  their  plans. 

It  is  purposed  in  this  paper  to  draw  attention -to  the  more  special 
points  in  connection  with  the  construction  of  this  tunnel,  not  going 
into  the  whole  detail  of  construction,  as  this  would  lengthen  the  paper 
unnecessarily,  and  only  be  a  repetition  of  the  facts  known  in  connec- 
tion with  other  tunnels. 

Oe7ie)'al  Description  of  the  Tunnel. — The  timnel  section,  grades,  etc., 
are  those  determined  by  the  Government  Engineers,  iinder  the  direc- 
tion of  the  Chief  Engineer,  Mr.  Espinosa,  as  are  also  the  materials 
employed,  etc.,  the  whole  work  being  carried  out  according  to  the 
Government  specification. 

The  tunnel  section,  as  shown  on  Plate  XX,  is  more  or  less  egg- 
shaped,  but  flattened  at  top  and  bottom,  the  chord  of  the  arc  being 
approximately  of  the  same  length  as  the  height;  the  chord  is  13  ft.  9 
ins. ,  while  the  height  is  14  ft.  The  flow  is  calculated  to  rise  as  high 
as  the  spring  of  the  arch,  giving  a  depth  of  water  of  9  ft.  The  veloc- 
ity is  calculated  at  about  4^  ft.  per  second;  discharge  about  2U0  000 
galls,  per  minute,  the  grade  being  .72  m.  per  1000  m.,  or  1ft.  in 
1  388.88  ft.  The  shape  of  the  tunnel  is  open  to  a  certain  amount 
of  criticism,  and,  as  far  as  the  builders  were  concerned,  caused 
great  inconvenience  on  account  of  the  heavy  dish  of  the  invert,  in- 
creasing the  depth  of  the  dead  water  and  greatly  cramping  operations 
generally. 

The  arch  consists  of  four  concentric  rings  of  bricks  laid  with  their 
length  horizontal  to  the  arch  in  the  same  direction  as  the  axis  of  the 
tunnel,  and  without  bond  between  rings  except  now  and  then.  The 
size  of  the  brick  is  4i  ins.  by  9|  ins.  by  2|  ins. ;  the  depth  of  the  arch, 
20  ins.,  allowing  for  joints.  The  local  tezontle  mortar  is  used  in 
ordinary  ground,  cement  mortar  only  being  used  in  si^ecial  cases. 
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The  invert  and  side  walls  are  constructed  of  artificial  blocks,  with  a 
backing  of  volcanic  stone  rubble  masonry.  The  thickness  of  the  side 
walls,  including  backing,  is  18  ins. ,  while  the  invert  or  dish  has  a  total 
thickness  of  1  ft.  The  size  of  the  blocks  is  1  ft.  3j  ins.  by  75  ins.  by 
5^  ins.,  and  they  are  made  of  1  part  of  Portland  cement  to  3  of  sand, 
rammed  in  moulds  and  finished  by  hand  labor. 

The  mortar  with  which  the  side  walls  and  invert  are  constructed  is 
made  of  1  part  of  lime,  1  part  of  sand,  and  1  part  of  tezontle. 

When  cement  mortar  is  used,  it  is  usually  made  of  1  part  of  cement 
to  3  of  sand. 

Materials  used  in  Construction. — Bricks. — The  bricks,  made  by  the 
contractors  on  the  spot,  are  required  to  stand  a  pressure  of  about  900 
lbs.  per  square  inch. 

Blocks. — The  blocks  used  in  the  invert  and  side  walls  are  made  of  1 
part  of  cement  and  3  of  sand,  as  previously  mentioned.  The  cement 
and  sand  are  first  carefully  mixed  together,  usually  in  a  hand  rotary 
machine,  and  this  mixture,  after  being  damjiened,  is  rammed  by  hand  in 
moulds  the  size  and  shaj^e  of  the  block,  care  being  taken  that  the  layers 
are  not  too  thick,  and  only  sufiicient  mixture  being  put  in  the  moulds 
at  each  ramming  to  make  a  thin  layer;  iron  rammers  are  used  and 
every  effort  is  used  to  make  the  mass  as  homogeneous  as  possible. 
The  faces  of  the  block  are  made  to  conform  to  the  arc  of  the  side 
walls  and  the  invert,  moulds  with  templates  of  the  required  form  being 
used  for  the  various  blocks,  while  the  blocks  for  the  top  of  the  -side 
walls  are  made  with  their  upper  face  inclined  at  an  angle  equal  to  that 
formed  by  the  radius  of  the  arch  so  as  to  make  an  efi'ective  key  with 
the  arch  above. 

The  blocks,  like  the  bricks,  are  capable  of  resisting  a  pressure  of 
some  900  lbs.  to  the  square  inch. 

Mortar. — This  for  the  bulk  of  the  work,  consists  of  a  mixture  of  lime, 
sand  and  tezontle  in  equal  parts,  and  only  in  extraordinary  cases  is  cem- 
ent iised.  The  lime  is  of  an  exceptionally  good  quality  and  strongly 
hydraulic.  The  limestone  is  quarried  in  the  immediate  neighborhood, 
and  the  tezontle,  which  is  a  highly  ferruginous  volcanic  tufa;  is  also 
obtained  close  at  hand  and  is  ground  in  the  mortar  pans  to  an  imj)al- 
pable  powder  before  being  used.  The  sand  is  good  and  clean  and  fairly 
sharp.     The  quicklime  weighs  about  40  lbs.  j^er  cubic  foot. 

All  the  mortar  is  mixed  in  pans.     The  lime  and  sand  are  first  mixed 
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dry,  the  tezontle  added  and  the  whole  then  shoveled  into  the  pans  and 
made  into  mortar.  This  mortar,  when  mixed,  owing  to  its  being  so  slov 
setting,  can  be  allowed  to  remain  some  little  time  before  using  without 
injury  to  its  qualities. 

Cement  Mortar. — This  mortar  is  made  of  1  part  of  Portland  cement 
to  3  of  sand,  and  is  usually  mixed  by  hand.  It  is  only  used  where 
called  for  by  Government  engineers  in  view  of  special  jsressure  on 
arch  and  side  walls.  In  wet  places  it  was  found  very  hard  to  jirevent 
the  cement  mortar  from  washing  away  entirely,  and  an  expedient  used 
with  fair  success,  althoiigh  a  questionable  method  was  that  of  mixing 
a  little  clay  with  the  mortar,  to  give  it  consistency. 

Stone. — The  backing  is  constructed  of  volcanic  or  igneous  rock 
found  in  the  neighborhood,  laid  as  rough  rubble.  This  rock  is  a  very 
hard  and  heavy  class  of  j^orijhyry,  generally  with  rounded  edges,  not 
occurring  in  pieces  larger  than  4  cu.  ft.,  and  weighing  about  160  to  170 
lbs.  to  the  cubic  foot. 

The  quantity  of  materials  actually  consumed  per  lineal  yard  of 
tunnel  is  as  follows : 

1  800  bricks,  including  packing. 
94  blocks. 

3  cu.  yds.  of  tezontle  and  lime  mortar. 
One-fourth  barrel  of  Portland  cement. 
70  cu.  ft.  of  volcanic  stone. 
Nature  of  Gronnd. — The  ground  through  which  the  tunnel  is  driven 
is  of  a  very  unusual  character.  There  are  no  regular  strata,  and  there- 
fore nothing  to  dejiend  upon  in  the  way  of  indications  while  sinking 
the  shafts  in  regard  to  the  natiire  of  the  ground  likely  to  be  encount- 
ered. The  whole  district  is  of  volcanic  origin.  The  hills  bordering  this 
portion  of  the  valley  of  Mexico  ajjpear  to  have  been  originally  formed 
from  materials  erupted  from  adjacent  volcanoes,  these  materials  hav- 
ing been  deposited  under  water,  probably  in  great  inland  salt  lakes. 
Subsequent  upheavals  ■  have  caused  the  present  configuration  of  the 
ground  and  resulted  in  a  confused  mass  of  sand,  mud,  tepetate  of 
various  degrees  of  hardness,  masses  of  porphyry  and  some  soajjstone, 
with  no  regularity  of  stratification.  The  tepetate,  a  local  name 
largely  used  in  Mexico,  is  a  term  generally  applied  to  a  species  of 
sandstone  mixed  with  lime  in  various  j^roportions.  This  tepetate  takes 
all  forms,  from  stone  of  an  oolitic  character,  in  which  sand  and  lime 
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occur  in  large  rounded  grains  to  a  stone  consisting  of  a  compact 
mixture  of  sand  and  lime  with  every  degree  of  hardness.  In  two 
instances  the  tepetate  proved  so  hard  that  it  was  possible  to  take  out 
a  24-ft.  length  without  a  stick  of  timber  in  it.  But  the  amount  of 
ground  encountered  of  this  quality  has  not  been  more  than  1%  of 
the  whole.  The  greater  part  of  the  ground  met  with  consisted  of  a 
soft  but  fairly  compact  material,  which,  on  being  exposed  to  the  air, 
immediately  crumbled  and  swelled,  thus  throwing,  in  some  instances, 
very  great  weight  on  the  timber.  Probably  60%  of  the  tunnel  ground  was 
comijosed  of  this,  the  rest  consisting  of  sand,  compact  and  running, 
and  sand  with  boulders,  some  of  it  very  heavy  and  some  comparatively 
light  ground.  The  boulders  of  porjjhyry  were  all  water  worn  and 
rounded,  in  some  cases  cemented  together  by  the  sand,  in  other  cases 
quite  loose,  but  always  accompanied  with  large  quantities  of  water. 
Water  was  also  always  met  with  in  large  quantities  in  the  hard  tej^etate 
and  the  sandy  formations,  while  the  soapstone  formations  were  as  a 
rule  comparatively  dry.  These  formations  did  not  succeed  each 
other  in  regular  sequence,  but  were  all  mixed  up  together  in  a  most 
inexplicable  fashion,  so  that  it  was  imjiossible  to  foresee  what  ground 
would  be  encountered  from  week  to  week,  almost  from  day  to  day. 
In  addition  to  these  peculiarities  potholes  were  frequently  struck 
from  which  water  would  flow  out  with  great  force,  bringing  dirt,  mud 
and  stone,  Avith  it.  On  two  or  thtee  occasions  these  bursts  of  water 
were  so  large  as  to  temporarily  drown  out  a  pit,  and  in  one  case 
such  a  tremendous  rush  of  water,  mud  and  stones  was  encountered 
in  a  face  700  ft.  from  the  pit  that  it  tore  up  600  ft.  of  track,  twisting 
up  the  rails,  etc.,  and  filling  the  tunnel  4  ft.  deep  with  sand,  and 
washing  out  the  miners  from  the  heading.  These  potholes  were, 
however,  always  exhausted  after  a  short  period  of  pumping. 

In  the  soapstone  formations  which  were  usually  fairly  dry,  if 
anything  happened  to  cause  a  fall  of  .the  ground  on  account  of  bad 
timbering,  it  was  immediately  followed  by  water  which  made  the 
ground  excessively  heavy.  The  water  in  the  hard  tepetate  formation 
has  at  times  been  so  strong  that  in  some  lengths  it  has  been  almost 
impossible  to  get  the  workmen  to  work,  owing  to  their  inability  to  see 
or  use  their  tools  on  account  of  the  steady  downpour  of  water,  which 
came  through  the  tepetate  as  if  from  a  shower  bath  under  very  heavy 
.pressure.  In  these  cases  shifts  had  to  be  cut  down  sometimes  to  four 
hours. 
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Timbering  in  Tunnel. — As  "nill  be  gathered  from  the  description  of 
ground  encountered,  it  is  necessary  as  a  rule  to  take  out  the  ground 
■«'ith  what  is  known  in  tunnel  parlance  as  a  full  set  of  timber  (of 
course  this  is  a  very  elastic  term  in  one  way,  as  it  can  be  extended  to 
embrace  any  amount  of  timber),  but  as  a  rule  it  does  not  mean  less 
than  two  sills  and  generally  means  that  all  ground  is  held  up  and 
sustained  by  timber  and  none  of  it  left  to  stand  alone.  The  amount  of 
timber  usually  employed  has  been  as  follows :  nine  bars,  three  of  them 
drawing  bars,  stump  props  and  nipper  sill  with  props,  large  scarfed 
sill  with  proi^s  and  bottom  sill,  judkins,  stretchers,  liners,  cockroost 
and  in  a  few  instances  rakers.  The  lengths  taken  out  usually  average 
14  ft.  of  finished  work,  the  sill  being  squared  all  the  way  from  15  ft. 
6  ins.  to  17  ft.  The  best  progress  up  to  quite  recently,  made  in  full 
timbered  lengths  was  five  lengths  of  completed  tunnel  jier  month  or 
about  70  ft. ,  and  the  best  average  in  soft  ground  per  month,  four  lengths 
or  56  ft.  The  local  workmen  were  at  first  unable  to  attend  to  the  timber- 
ing withoiit  being  closely  watched  by  English  soft-ground  miners  night 
and  day,  and  althoiigh  they  after  a  time  picked  uj)  the  general  method 
they  were  for  a  long  time  so  careless  that  it  was  unsafe  to  leave  them 
alone  without  constant  and  careful  supervision  in  the  heavy  lengths, 
as  they  could  not  at  first  be  brought  to  see  the  importance  of  such 
minor  points  as  packing,  feathering,  catching  head  trees  on  crown 
bar,  stretching  side  trees,  etc.,  all  of  which  little  omissions  increase 
the  weight  of  .ground.  With  time,  however,  they  have  improved  won- 
derfully and  are  now  remarkably  quick  and  handy.  In  the  hard  tepetate 
only  five  bars  and  a  sill  are  used  as  a  rule,  the  bars  being  taking  out 
bars,  but  the  tepetate  in  these  cases  was  often  so  hard  in  the  invert 
that  as  good  progress  could  not  be  made  as  in  the  softer  ground,  re- 
quiring more  timber.  Dynamite  could  only  be  used  spai'ingly  in  the 
hard  ground  on  account  of  the  timber  overhead,  and  consequently  the 
ground  came  out  very  slowly,  as  at  first  the  local  workmen  did  not 
show  great  aptitude  in  using  the  pick.  Work  was  carried  out  to  the 
best  advantage  in  regular  lengths  in  the  soft  soapstone  ground  and  in 
the  soft  compact  groimd  already  mentioned,  as  this  as  a  rule  could  be 
taken  out  with  one  sill  and  nine  bars,  the  crown  and  thirds  being  as  a 
rule  drawing  bars.  Crown  and  third  bars  were  usually  given  from  1  ft. 
to  18  ins.  drop,  so  as  to  allow  ample  space  for  settlement  if  ground  turned 
out  very  heavy.    It  may  perhaps  be  well  to  mention  that  drawing  bars 
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are  used  in  heavy  ground,  and  taking-out  (or  striking)  bars  in  good 
ground.  The  names  fairly  express  the  difference  between  the  two; 
the  drawing  bars  are  always  placed  so  as  to  be  entirely  outside  the- 
work,  the  striTiing  bars  come  on  the  second  and  third  ring  of  brick 
work  and  are  struck  as  the  arch  comes  up  to  them. 

The  best  progress  of  all  until  quite  recently  was  made  by  means  of 
working  double  lengths.  This  system  of  working  double  lengths  was 
employed  where  the  ground  consisted  of  tepetate  that  required  tim- 
bering merely  to  keej)  the  ground  in  jilace,  and  where,  if  the  ground 
was  kept  in  place,  it  did  not  suffer  any  movement  that  would  be  likely- 
to  throw  extraordinary  weight  on  the  bars.  It  was  necessary  for  the 
use  of  this  system  that  a  bottom  heading  should  have  been  previously 
driven,  the  necessity  for  which  will  appear  later. 

In  ground  of  the  character  just  described  a  length  usually  required 
nine  bars  and  a  top  sill  and  sometimes  liners,  judkins  and  stretchers 
being  also  used,  but  no  cockroosts,  the  bars  being  all  taking-out  bars, 
and  one  crown  bar  and  two  crown  bars  being  used  alternately.  The  top 
heading  was  always  driven  further  ahead  than  customary,  to  admit  of 
this  system  which  really  had  for  its  only  requirement  the  putting  up 
of  bars  in  two  lengths  at  a  time.  When  working  a  single  length,  after 
the  length  has  been  lined  np,  if  the  bars  are  drawing  bars,  they  are 
pulled  ahead,  and  if  they  are  striking  or  taking-out  bars,  they  are 
taken  out  as  the  arch  is  built  up;  but  in  either  event  no  operations  are 
commenced  for  putting  up  the  bars  in  the  following  length  until  the 
completion  of  the  single  length  under  construction.  With  the  double- 
length  system,  when  one  length  is  keyed  up,  the  next  length  prob- 
ably has  seven  bars  and  the  sill  in,  and  the  top  heading  is  being 
prepared  for  the  crown  bars  in  the  next  immediately  ensuing  length, 
the  said  bars  coming  from  the  length  just  keyed  up. 

When  using  the  double-length  system,  by  the  time  a  length  is  ex- 
cavated requiring,  say,  one  crown  bar,  two  thirds,  two  fifths,  two 
sevenths,  and  is  ready  for  the  masons,  there  will  be  in  position  in  the 
top  heading  for  the  new  length  on  each  side  of  the  crown  bar  two  other 
crown  bars  whose  ends  can  be  seen  projecting  in  the  diagram  and  the 
position  of  which  explains  the  necessity  for  using  one  and  two  crown 
bars  alternately,  as  the  bars  have  to  be  sandwiched  in  between  each 
other.  The  two  crown  bars  in  the  top  heading  are  propped  on  the 
sill  of  the  length  the  masons  are  about  to  enter,  and  at  their  extreme  end 
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rest  on  short  stump  props.  If  they  are  not  sandwiched  in  between  the 
crown  bars  and  the  third  bars  of  the  length  the  masons  are  about  to 
enter,  they  would  not  be  able  to  be  propped  on  the  sill.  These  two 
crown  bars  come  from  the  finished  length  immediately  behind  the 
length  about  to  be  lined,  and  are  propjjed  high  enough  to  clear  two 
rings  of  the  arch  about  to  be  constructed  in  the  excavated  length. 
When  the  masons  have  started  work  in  the  excavated  length,  poll- 
ing for  the  fourths  is  proceeded  with  in  the  to^D  heading  for  the  new 
length;  and  when  the  side  walls  are  up  in  the  excavated  length, 
ready  for  the  byats,  the  fourths  are  hauled  ahead  from  behind  and 
put  in,  while  the  ribs  are  being  set  for  the  arch  in  excavated  length. 
Directly  the  arch  is  started,  polling  is  proceeded  with  in  the  new 
length  for  the  sixths  and  eighths,  a  nijjper  sill  and  proj^s  being  at 
the  same  time  placed  in  position  to  catch  the  bars,  and  a  lining 
setting  being  placed  in  the  bottom  heading  to  sustain  the  nipper  sill 
above.  As  the  arch  is  finished  and  keyed,  the  sixths  and  eighths  are 
probably  in  and  the  main  sill  also  in  and  propped.  The  fourths  and 
crowns  in  the  new  length  are  caught  on  the  arch  as  it  comes  up,  while 
bar  holes  are  left  for  the  sixths  and  eighths,  so  that  by  the  time  the 
length  under  construction  is  keyed  up,  the  top  heading  has  been  con- 
verted into  a  new  length  with  eight  bars  and  sill  in,  and  the  hardest  part 
of  the  work  of  excavation  finished.  The  one  crown  bar  from  the  keyed- 
wp  length  is  now  moved  ahead  into  the  new  top  heading,  to  be  sand- 
wiched between  the  two  crown  bars,  and  the  operation  proceeded  with 
as  before,  with  the  exception  that  in  this  length  seven  bars  will  be 
used  instead  of  eight,  for  reasons  already  given.  The  drawings 
(Plates  XXIII  and  XXTV)  show  very  clearly  the  arrangement  of  timber 
in  the  double-length  system. 

The  necessity  for  the  bottom  heading  now  becomes  aj^parent. 
While  the  length  with  the  sill  in  is  being  completed,  it  would  be  im- 
possible to  commence  a  length  ahead  of  it  if  it  was  necessary  to  take  the 
dirt  from  excavation  in  the  length  ahead  through  the  back  length,  as 
it  would  too  seriously  interfere  with  the  progress  of  the  work;  again, 
while  the  masons  are  on  the  arch  of  one  length,  it  would  be  impossible 
to  take  dirt  out  from  the  length  ahead  through  the  length  being  lined 
without  interfering  with  the  masons.  By  the  use  of  the  bottom  heading 
however,  a  separate  communication  can  be  made  in  either  length  by 
means  of  knocking  a  hole  through  from  the  toj}  heading  and  loading 
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the  coaches  underneath.  This  system  of  double  lengths  has  been  very 
successful,  as  much  as  eight  lengths  in  one  face,  or  120  ft.  of  complete 
tunnel,  have  been  constructed  per  month.  This  system  has  latterly 
been  still  further  extended  with  considerably  better  results  as  regards 
speed,  as  will  be  referred  to  later.  In  using  this  system,  extra  care  has 
to  be  taken  and  the  timbering  watched  carefully.  The  bottom  head- 
ing must  have  lining  settings  placed  under  the  nipper  sills,  and  all  the 
settings  must  be  carefully  stretched  and  watched,  as  there  is  always  a 
chance  of  the  stump  props  under  the  bars  pushing  through  into  the 
bottom  heading.  Of  course  this  system  cannot  always  be  used,  as  it  is 
not  frequent  that  the  ideal  material,  just  soft  enough  not  to  require  the 
use  of  explosives,  and  not  hard  enough  to  stand  with  a  small  amount 
of  timber,  is  encountered. 

Timbering  in  Top  and  Bottom  Headings,  and  use  of  Headings. — The 
timbering  for  top  and  bottom  headings  is  practically  the  same;  the 
top  heading  is  driven  for  the  drawing  of  bars  in  the  construction  of 
ordinary  lengths;  the  bottom  heading,  by  far  the  more  important 
of  the  two,  is  driven  for  three  important  reasons:  First,  the  connection 
of  shafts  with  the  open  end,  as,  immediately  the  said  connection  is 
made,  the  pumping  in  the  shaft  connected  with  can  be  discontinued, 
and  also  for  the  connection  of  shafts  not  in  communication  with  the 
open  end;  second,  to  enable  break-ups  to  be  constructed,  a  point 
which  will  be  touched  on  later;  and  third,  to  enable  the  double  or 
treble-length  system  to  be  worked  in  the  manner  already  explained. 

The  dimensions  of  the  bottom  heading  are  as  follows:  6  ft.  6  ins. 
high;  5  ft.  at  top,  or  4  ft.  in  the  clear;  7  ft.  wide  at  bottom,  or  6  ft.  in 
the  clear.  In  good  ground  it  was  possible  to  excavate  6  or  8  ft.  ahead, 
putting  in  settings  as  heading  advanced.  In  bad  ground  it  was  neces- 
sary to  use  the  ordinary  methods  of  driving  polling  boards  ahead, 
working  temporary  head  trees,  etc.  The  majority  of  the  heading, 
however,  was  driven  through  fair  ground,  which  allowed  of  excavating 
6  or  8  ft.  ahead,  and  putting  in  settings  as  heading  advanced.  The 
side  trees,  which  were  6  ins.  by  7  ins.  by  6  ft.  6  ins.,  were  cut  to  bevel 
at  a  saw  mill,  so  that,  when  they  were  fitted  snug  to  a  head  tree  of  7  ins. 
by  7  ins.  by  5  ft.,  they  would  then  have  the  required  batter.  In  good 
ground,  polling  boards  of  1  in.  by  12  ins.  by  5  ft.  were  used;  in  bad 
ground,  polling  boards  of  1  in.  by  1  ft.  by  3  ft.  6  in,  or  I7  ins.  by  1  ft. 
bv  3  ft.  6  in. 
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In  good  ground,  settings  were  about  4  ft.  apart,  with  sides  and  top 
lined  with  5-ft.  boards,  lining  settings  being  put  in  between  each 
original  setting  as  the  heading  j^rogressed.  In  the  bad  ground,  where 
the  settings  were  only  3  ft.  apart,  lining  settings  were  also  used.  As 
a  rule,  the  bottom  heading  was  driven  2  ft.  above  the  invert  of 
the  tunnel  so  as  to  keep  the  road  above  the  dead  water  of  the 
tunnel.  As  already  mentioned,  this  heading  was  required  for  pur- 
poses of  drainage  from  one  shaft  to  another;  it  was  therefore 
necessary  to  cut  a  grip  or  drain  in  this  heading  2  ft.  deep,  as  other- 
wise, on  account  of  the  grade,  the  water  in  the  shaft  just  communi- 
cated with  would  be  some  2  ft.  too  deep,  when  the  tunnel  began  to  be 
constructed.  The  excavation  of  the  grip  necessitated  the  use  of  good 
sleepers  under  the  road,  to  prevent  it  from  falling  into  the  grip, 
and  these  sleepers  were  made  at  the  same  time  to  serve  the  purpose 
of  stretchers  at  the  bottom  of  the  side  trees,  between  whose  sides 
they  were  wedged. 

Progress  in  Heading. — The  average  daily  progress  in  bottom  head- 
ing for  the  year  ending  the  1st  of  June,  1893,  was  about  bh  m. ,  the  daily 
progress  ranging  from  4  to  6  m.,  and  on  a  few  occasions  being  as 
high  as  7  m.  Prior  to  June,  1892,  the  average  daily  progress  in  head- 
ing was  only  about  1^  m. ;  and  whereas,  the  former  progress  comj^ares 
favorably  with  work  done  under  similar  conditions  anywhere,  the 
latter  is  far  from  doing  so.  The  slow  progress  made  at  first  with 
heading  was  due  to  a  variety  of  causes,  among  others  the  following: 
First. — To  attention  being  mainly  devoted  to  working  from  each 
shaft,  using  pumping  machinery  for  dealing  with  the  water,  on 
account  of  the  short  time  allowed  for  the  execution  of  the  work. 

Second. — To  the  inexperience  of  all  concerned  in  driving  this  class 
of  heading;  the  ordinary  soft-ground  English  miner  jiroving  useless 
du'ectly  he  was  jjut  in  a  heading  where  the  ground  was  fairly  good  and 
rapid  progress — not  timber — required,  and  the  local  labor  proving  very 
inefficient  from  want  of  previous  training,  when  it  came  to  hard  i^ick 
work  and  constant  application. 

Third. — To  the  difficulty  caused  by  the  heading  being  originally 
driven  in  the  center,  rendering  it  possible  to  use  only  one  road  in  the 
tiinnel,  so  that,  when  the  tunnel  and  heading  were  being  constructed 
at  the  same  j^oint,  preference  had  to  be  given  to  the  tunnel  traffic  to 
the  entire  detriment  of  the  heading  traffic. 
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Fourth. — To  a  short-sighted  unwillingness  to  pay  high-enough  prices 
for  driving  of  heading. 

Fifth. — To  the  want  of  sufl&ciently  careful  organization  and  of  the 
minute  attention  to  details  necessary,  no  arrangement  having  been 
possible  at  first,  or,  at  least,  made,  for  the  working  of  regular  shifts 
with  carefully  picked  men  specially  adapted  to  the  work.  Later  on, 
when  a  special  feature  was  made  of  driving  bottom  heading,  very 
careful  attention  was  given  to  the  matter,  and  the  difficulties  and 
faults  mentioned  and  others  were  gradually  overcome  and  corrected. 

The  extraordinary  speed  obtained  latterly,  higher  undoubtedly 
than  in  any  similar  work,  would  appear  to  call  for  some  other  explana- 
tion than  that  given,  but  can  only  be  attributed  to  the  following 
additional  reasons :  First  and  most  important,  constant  attention  and 
personal  supervision  night  and  day,  not  only  by  gangers,  foreman, 
etc. ,  but  also  by  the  agent  and  engineering  stafif,  measurements  being- 
taken  every  morning,  heavy  fines  imposed  for  delays,  and  every 
inducement  given  to  jjush  on  the  work.  Attention  was  given  to  the 
smallest  details  in  connection  with  the  work,  the  track  in  the  tunnel  was 
most  cai'efully  laid,  the  provision  of  cars  in  proper  number,  and  the 
winding  arrangements  and  handling  of  material  underground  and  at 
surface,  studied  to  ensure  no  hitch  or  delay  of  any  kind.  Another 
reason  was  (as  already  mentioned)  that,  as  more  of  a  feature  was  made 
of  the  heading,  it  became  jDossible  to  dispense,  in  a  measure,  with 
pumping  exjjenses  for  the  purpose  of  connection  of  shafts,  and  a 
higher  price  could  be  paid  for  the  labor  employed  in  the  heading, 
which  Avas  far  more  than  compensated  for  by  the  advance  made. 
When,  after  considerable  opposition,  eight-hour  shifts  were  introduced 
instead  of  ten-hour,  the  progress  went  up  to  5^  m.  per  day  very 
quickly.  It  must  be  borne  in  mind  that  the  local  labor  was  at  first 
comjiaratively  ignorant,  both  as  regards  tunnel  and  heading  work,  and 
had  to  be  taught  and  trained ;  it  proved  remarkably  quick  and 
imitative,  and  under  good  direction  and  with  ftroper  tact  and  patience 
is  capable  of  almost  anything. 

In  working  eight-hour  shifts  the  miners  Avere  kept  constantly  in 
the  face  and  not  allowed  to  leave  until  the  expiration  of  their  time. 
There  were  usually  two  or  three  miners  in  the  face,  with  from  6  to  10 
men,  varying  with  the  distance,  at  the  cars  removing  dirt,  with  a  native 
foreman  to  supervise  generally.     All  these  men  were  changed  every 
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eight  lioiirs ;  in  addition  there  was  usually  an  English  or  American  fore- 
man to  attend  to  putting  in  settings  in  line  and  level,  and  to  the  receiving 
and  carrying  out  instructions,  etc.  This  foreman  was  paid  a  shift  and 
a  half  for  each  24  hours,  and  was  supposed  to  be  there  when  needed. 
In  addition  to  the  men  in  the  heading  there  was  a  gang  of  about  six 
men  behind  cutting  grip,  laying  road,  putting  in  intermediate  settings, 
etc. ,  and  also  a  man  at  pit  bottom  to  attend  to  ringing  up  of  cages, 
etc.,  above;  there  were  from  two  to  six  men  at  coaches  at  pit  mouth, 
and  one  man  to  attend  to  landing  of  coaches  from  the  cages. 

When  later  heading  was  going  well  and  organization  complete, 
the  task  every  24  hours  was  set  at  6  m. ,  and  the  subcontractor  fined  if 
the  task  was  not  completed;  of  course,  where  there  were  special 
reasons,  such  as  exceptionally  heavy  gi-ound,  the  task  was  not  insisted 
upon.  Dynamite  was  as  a  rule  required  in  quantities  of  from  2  to  3 
lbs.  per  lineal  meter,  or  about  1  lb.  per  cubic  meter. 

The  heading  was  all  carried  out  by  subcontract  at  so  much  per 
meter,  the  work  being  left  to  specially  selected  local  subcontractors 
capable  of  pushing  and  controlling  the  men. 

Lining  of  Lengths. — Immediately  a  length  of  ground  was  excavated 
for  tunnel  construction,  a  frame  (shown  on  Plate  XXIII),  the  exact  shape 
of  the  invert,  was  set  at  the  leading  end  of  the  excavation  to  the  correct 
level  and  alignment  of  the  tunnel,  lines  being  stretched  between  this 
frame  (which  is  notched  at  the  level  of  each  course  of  artificial  blocks) 
and  the  blocks  in  the  finished  tunnel  in  the  length  behind.  The  masons 
then  commenced  to  lay  the  backing,  and  on  top  of  it  the  blocks,  lining 
up  with  the  lines  until  the  invert  and  side  walls  were  completed,  the 
sijecial  blocks  referred  to  as  having  their  uj^per  side  parallel  with  the 
radius  of  the  arch  being  laid  last.  Holes  were  left  in  the  last  course 
but  one,  at  intervals  of  3  ft.  6  ins.,  to  receive  the  byats,  the  byats  were 
footed  on  wooden  foot  blocks  about  2  ins.  thick  laid  over  the  cement 
blocks,  the  foot  blocks  forming  a  sort  of  pad  in  the  cement  blocks,  as 
otherwise  it  was  found  that  the  weight  of  the  arch  would  often  crush 
the  sharp  edges  of  the  byats  into  the  blocks,  causing  them  to  crack 
and  necessitating  their  renewal.  On  the  byats  being  placed  in  jjosi- 
tion,  3-in.  planks  were  laid  along  their  ends  parallel  to  the  axis  of  the 
tunnel,  and  on  these  the  ribs  are  set  and  wedged  up  to  the  required 
level.  The  ribs  are  made  of  two  thicknesses  of  2-in.  plank  bolted 
together  and  cut  in  sections,  to  form  the  required  circle;  the  leading 
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rib  is  always  made  of  three  thicknesses,  to  sustain  the  extra  pressure  it 
frequently  receives,  owing  to  the  crown  bars  resting  on  it.  Laggings 
2  ins.  by  4  ins.  by  16  ft.,  more  or  less,  are  then  placed  on  the  ribs, 
to  receive  the  brick  work  and  continued  to  be  jjlaced  as  the  arch  is 
carried  up. 

When  the  arch  has  been  carried  up  on  both  sides  till  the  two 
sections  are  only  1  ft.  6  ins.  apart,  it  is  necessary  in  ordinary  practice 
for  the  force  of  masons  to  stop,  as  only  one  man  can  work  conveniently 
and  finish  the  arch,  or  the  keying  up.  In  ordinary  jsractice  it  is  usual 
to  use  pieces  of  lagging  of  short  length  that  will  reach  from  one  rib  to 
another  instead  of  using  laggings  of  the  full  length  as  before,  thu& 
enabling  the  mason  to  get  in  between  the  ribs  and  key  from  one  to^ 
another.  Here  block  laggings  are  used  when  the  arch  is  stopped  as 
mentioned  above  the  key.  These  block  laggings  are  18  ins.  long  and 
about  1  ft.  wide,  with  grooves  cut  in  the  upper  sides,  and,  instead  of 
being  placed  like  the  others  parallel  with  the  axis  of  the  tunnel,  they 
are  j^laced  at  right  angles  to  it.  By  using  these  laggings  the  mason 
can  key  and  pack  much  more  satisfactorily,  as  when  one  block  lagging 
is  placed  in  position,  it  being  only  1  ft.  wide,  he  is  able  to  work  in  and 
over  to  much  better  advantage  than  if  he  was  working  on  the  older 
system  and  was  obliged  to  stretch  from  one  rib  to  another,  a  distance 
of  3  ft.  6  ins. 

The  question  of  packing  above  the  arch — a  most  important  one — 
was  one  of  great  difficulty  at  first,  owing  to  the  difficulty  of  i^ersuad- 
ing  the  local  workmen  to  execute  it  properly.  Where  striking  or 
taking-out  bars  were  used  it  was  easier,  as  it  could  be  done  simul- 
taneously with  the  construction  of  the  arch;  but  where  drawing  bars 
were  used,  and  a  feather  or  pillow  of  brick  had  to  be  constructed  on 
each  side  of  the  crown  bar  all  along  the  arch,  to  sustain  the  polling 
boards  when  the  crown  and  third  bars  were  struck,  it  was  a  matter  of 
greater  difficulty. 

The  average  number  of  men  employed  at  one  time  in  a  length  is 
about  eight,  including  the  operations  of  excavating,  lining,  etc.,  the 
least  number  at  the  commencement  of  opening  out  toj)  heading  being 
four,  and  the  greatest  number,  while  lining  arch,  about  fourteen. 
At  the  commencement,  as  already  mentioned,  while  opening  out  the 
top  heading,  some  four  men  are  employed,  and  as  the  ground  opens 
out,  the  number  goes  up  to  six  and  finally   to  eight  men,  while  excava- 
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ting  the  invert.  When  the  masons  go  in,  about  six  start  at  first, 
with  a  helper  to  each,  the  ntimber  of  masons  on  side  walls  and  arch, 
increasing  finally  to  eight,  with  six  helpers,  which  number  drops 
down  to  two  on  the  keying  of  the  arch;  this,  of  course,  does  not  in- 
clude foremen,  inspectors,  and  men  at  the  coaches,  the  latter  varying 
from  three  to  six  i^airs  according  to  the  rapidity  with  which  the  dirt  is 
excavated  and  the  material  used. 

The  excavation  and  lining  of  lengths  is  all  done  by  subcontract  at 
so  much  per  meter,  prices  varying  according  to  nature  of  ground, 
quantity  of  water,  distance  from  shaft,  etc.  In  fact,  all  work,  both  at 
the  surface  and  underground,  is  done  by  subcontract  as  far  as  possible, 
the  results  obtained  being  far  more  satisfactory  than  when  paying  day 
wages. 

Roads  in  Tunnel. — In  arranging  the  road  two  requirements  had  to 
be  considered:  First,  the  necessity  of  having  under  the  road  in  the 
invert  sufficient  space  for  an  ample  channel,  to  carry  away  all  water 
that  might  be  encountered  without  danger  of  flooding  the  road;  second, 
the  necessity  of  having  the  road  sufficiently  low,  to  allow  of  tunnel 
coaches  j^assing  under  byats  set  in  the  side  walls,  to  support  the  ribs 
for  construction  of  the  arch.  The  position  of  the  roads  is  clearly 
shown  on  Plate  XXV. 

For  the  track  through  the  completed  tunnel  a  9-ft.  sleeper  met  all 
requirements  and  gave  an  available  width  of  about  8  ft.  for  the  road, 
and  allowed  good  arrangement  of  tracks.  Driving  the  bottom  heading 
in  the  center  of  the  tunnel,  as  was  done  at  first,  compelled  the  road  to 
be  laid  in  the  center  of  the  tunnel,  and,  as  all  the  traffic  of  any  break- 
ups that  might  be  in  course  of  construction  ran  over  this  road,  it  be- 
came necessary  to  put  in  sidings  at  all  faces  in  construction,  so  that  if 
building  materials  were  being  used  at  one  face,  they  could  be  switched 
on  to  a  siding,  and  so  leave  the  main  track  free  for  the  general  move- 
ment of  dirt,  etc.  Putting  the  road  in  the  center  with  a  gauge  of  2  ft., 
and  a  car  3  ft.  wide,  only  gave  2-ft.  6-ins.  clearance  on  each  side,  which 
was  not  enough  for  another  track,  and  it  became  therefore  necessary 
when  break-ups  came  to  be  generally  worked  to  adopt  some  other 
plan,  and  the  heading  was  then  driven  18  ins.  off  the  center,  en- 
abling a  main  line  to  be  run  through  the  heading  from  shaft  to 
shaft,  and  devoted  solely  to  the  loading  of  dirt  and  preliminary 
movement  of  material,  a  siding  being  put  in  at  each  ordinary  work- 
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ing  point  from  a  shaft  where  cars  could  be  unloaded  of  material  and 
loaded  with  dirt  without  interfering  with  general  traffic.  For  the 
break-ups  an  auxiliary  line  was  used,  but  instead  of  jjoints  and  cross- 
ings a  system  of  turn-tables  was  adopted.  When  a  break-up  is  started 
and  the  preliminary  length  constructed,  a  double  track  is  required  at 
once  ;  but  as  in  a  length  of  15  ft.  it  was  impossible  or  inconvenient 
to  put  in  points  and  crossings  available  for  either  face  of  break-up,  a 
straight  parallel  track  was  laid  and  two  turn-tables  put  down,  one  on 
the  main  line  and  the  other  on  the  new  track.  By  this  means  every 
facility  for  moving  from  one  track  to  the  other  was  given  and  as  soon 
as  bricks,  etc.,  arrived  for  the  break-up  length  they  were  immediately 
run  on  to  the  turn-table  on  the  main  line  and  turned  on  to  the  parallel 
line,  leaving  the  main  track  free,  a  most  important  requirement,  as 
when  bricklayers  were  in  the  break-up,  if  a  second  track  was  not 
available,  all  cars  moving  on  the  main  line  would  have  to  wait  while  the 
cars  carrying  material  for  masons  were  unloaded.  If  the  lining  of 
lengths  in  the  various  faces  had  proceeded  in  regular  rotation,  it  might 
have  been  possible  to  arrange  the  traffic  in  another  manner,  and,  by 
sending  trains  of  cars  loaded  with  material  to  a  certain  face,  and  then 
requiring  them  to  j^ass  on  empty  to  another  face,  to  return  full  of  dirt, 
avoid  some  of  the  difficulties  mentioned ;  but  as  the  chances  were  that 
these  trains  would  have  to  jjass  through  two  or  three  lengths  in  jjrocess 
of  excavation  before  re-arriving  at  their  destination,  and  then  have  to 
come  back  to  be  loaded,  it  was  practically  impossible  to  do  so.  Con- 
siderable attention  was  devoted  to  the  question  of  track,  as  smart  and 
proper  handling  of  material  and  dirt  was  indispensable  if  rapid  prog- 
ress was  to  be  made.  The  following  example  from  j^ractice  will 
explain  this  necessity  perhaps  more  forcibly: 

Between  Shafts  Nos.  15  and  16  there  -were,  at  one  time,  three  break- 
ups in  construction,  besides  one  face  of  tunnel  in  construction  to  the 
north  of  No.  16,  one  to  the  south  of  No.  16,  one  to  the  north  of  No.  15, 
and  one  to  the  south  of  No.  15;  that  is  to  say,  10  faces  of  tunnel  in  con- 
struction at  the  same  time  between  two  shafts.  Ten  faces  implied,  at  a 
moderate  estimate,  the  moving  of  some  7  000  cu.  yds.  of  dirt,  400  000 
bricks,  20  000  cement  blocks,  5  000  cu.  yds.  of  stone,  and  700  cu.  yds. 
of  mortar,  besides  50  000  ft. ,  B.  M. ,  of  lumber,  together  with  rails, 
tools  and  other  materials,  in  some  26  working  days,  and  the  delivery 
of  much  of  the  material  to  points  distant  from  the  shafts.     It  was 
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necessary  to  distribute  tlie  working  equally  between  the  two  shafts; 
that  is  to  say,  Shaft  No.  16  dealt  with  No.  16  north  face,  No.  16  south 
face,  north  and  south  faces  in  break-ujj  No.  1,  and  north  face  in 
break-up  No.  2,  i.  e.,  five  faces.  Shaft  No.  15  dealt  with  north  and 
south  faces  of  No.  15,  south  face  in  break-up  No.  2,  and  north  and 
south  faces  in  break-up  No.  3.  The  brick,  etc. ,  required  for  a  length 
being  lined  in  north  face  of  break-ujj  No.  2,  had  to  come  from  Shaft 
No.  16,  through  south  face  of  No.  16,  north  and  south  faces  in  break-up 
No.  1,  to  get  to  their  destination,  with  perhaps  all  these  lengths  full  of 
men.  Five  faces  meant  a  monthly  construction  of,  at  the  very  least, 
330  ft.  of  tunnel,  or  an  extraction  of  about  3  300  cu.  yds.  of  dirt  per 
month,  and  the  provision  of  200  000  bricks,  lO'OOO  blocks,  2  500  cu. 
yds.  of  stone  for  backing,  and  350  cu.  yds.  of  mortar,  not  taking  into 
account  the  movement  of  timber,  men,  rails,  etc.,  and  as  there  were 
only  some  26  working  days  and  nights  in  the  month,  this  implied  the 
handling  of  one  car  every  two  or  three  minutes.  The  sleepers  used 
in  the  track  laid  through  the  finished  tunnel  were  about  4  ins.  by  8  ins. 
by  9  ft. ,  spaced  some  3  ft.  6  ins.  apart.  Decauville  track,  with  12-lb. 
rails  and  steel  sleepers,  was  employed,  and  the  rails  were  also  spiked 
to  the  wooden  sleepers.  The  steel  sleepers  could  have  been  dispensed 
■with,  but  they  more  than  paid  for  themselves  by  giving  additional 
stiffness  to  the  road  and  keeping  the  track  to  accurate  gauge;  the 
wooden  sleepers  got  sodden,  and  the  sisikes  would  draw  unless  the 
track  was  helped  and  kept  together  by  the  steel  sleepers.  Most  of 
the  points  and  crossings  used  were  ready  riveted,  and  all  that  was 
necessary  to  move  them  forward  was  to  take  them  up  bodily,  j^ut  them  on 
a  car  and  drop  them  down  again  where  wanted,  si)iking  them  in  places. 

In  the  bottom  heading  the  track  was  laid  on  wooden  sleepers  3  ins. 
by  6  ins.  by  6  ft.,  the  sleepers  also  serving  as  stretchers,  to  keej)  the 
side  trees  apart,  and,  as  bridges,  to  keep  the  track  well  above  the 
drainage  grip  mentioned  before.  The  steel  ties  were  here  again  very 
serviceable  in  stiffening  the  track  aad  keeping  it  in  gauge. 

Drniiiag".  in  Heading. — The  drainage  of  the  tunnel,  and  more 
especially  of  the  bottom  heading,  was  a  vei-y  important  point  in  con- 
nection with  the  successful  prosecution  of  the  work,  especially  at  the 
open  end  of  the  tunnel,  where  work  was  being  done  frequently  from 
various  shafts  at  the  same  time.  It  -will  be  remembered  that  regular 
tunnel  faces,  break-ups  and  bottom  heading  are  all  being  carried  on 
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at  the  same  time,  and,  where  the  water  had  to  be  drained  away 
through  the  open  end  of  the  tunnel,  arrangements  had  to  be  made  to 
keep  the  water-way  clear  through  the  work  in  all  its  various  stages  of 
progress,  the  principal  difficulty  being  carrying  the  water  through  the 
lengths  in  which  invert  was  in  course  of  construction.  Theoretically, 
the  water  ran  at  the  level  of  the  finished  tunnel  invert,  but  it  was 
necessary  to  excavate  below  this  level,  to  get  in  the  masonry  necessary 
for  the  construction  of  the  invert,  and  whatever  stream  of  running 
water  there  might  be  flowing  in  the  tunnel  at  this  particular  point  had 
necessarily  to  be  carried  across  the  length  of  the  invert  while  in  con- 
struction. At  times,  when  there  were  as  many  as  three  break-ups  in 
addition  to  two  regiilar  faces  in  work  between  each  pair  of  shafts,  and 
when  two  or  three  shafts  were  in  operation  at  the  same  time  at  the 
open  end  of  the  tunnel,  frequently  with  half  the  total  number  of 
lengths  being  lined  at  the  same  time,  the  greatest  care  was  necessary 
in  carrying  the  water  over  the  various  lengths  of  invert  in  construc- 
tion, so  as  to  avoid  damming  back  the  water  more  than  was  absolutely 
necessary.  The  water  discharged  through  the  open  end  ran  on  the 
finished  invert  naturally  at  a  depth  never  less  than  12  ins.  There  was, 
therefore,  this  initial  amount  of  dead  water  to  contend  with  from  the 
beginning;  higher  up,  above  one  set  of  break-ups,  the  water  wo  aid 
probably  be  dammed  up  a  further  6  ins.,  giving  a  total  depth  of  dead 
water  of  18  ins,  and  so  on,  with  the  result  that,  in  the  face  where 
bottom  heading  was  being  pushed  forward,  the  water  frequently 
reached  a  depth  of  2  ft.  It  was  found  necessary  to  drive  the  bottom 
heading  at  a  level  some  2  ft.  above  the  level  of  the  tunnel  invert  so 
as  to  keep  the  floor  of  the  heading  dry  as  far  as  possible.  In  one 
case,  on  approaching  Shaft  No.  12,  the  level  of  the  heading  had  to  be 
raised  still  higher,  on  account  of  the  large  increase  in  the  amount  of 
water  discharged,  due  to  filtration,  etc.  On  heading  being  communi- 
cated between  any  two  shafts,  the  level  of  the  same,  being  2  ft.  above 
the  tunnel  invert,  prevented  the  water  from  the  shaft  just  communi- 
cated with  from  flowing  away  below  that  level;  but  seeing  that  it  was 
indispensable  that  the  water  should  be  allowed  to  flow  away  at  the 
level  of  finished  invert  in  order  to  render  the  construction  of  same 
possible,  a  grip  was  cut  in  the  bottom  of  the  heading  2  ft.,  either  after 
completion  of  the  heading  or  carried  along  simultaneously  with  it. 
This  grip  (as  previously  explained)  required  extra  timbering  as,  more 
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especially  -where  the  ground  was  soft,  the  sides  of  the  grip  -were  liable 
to  cave  in  and  let  the  side  trees  down.  A  special  gang  was  always  em- 
ployed solely  for  the  purpose  of  keeping  this  grip  free  from  mud.  dirt, 
etc.,  due  to  material  falling  from  the  cars  and  other  reasons,  as.  should 
any  obstruction  occur  in  the  gi"ip.  all  work  above  the  point  choked 
became  seriously  inconvenienced,  and  in  some  cases  might  be  stopped. 
The  total  discharge  of  water  at  the  tunnel  mouth  varied  from  1  500 
to  3  000  galls,  jjer  minute.  .In  excavating  an  ordinary  length  and 
putting  in  the  invert  between  pumping  shafts,  water  was,  as  in  the  case 
of  the  open  end,  always  found  in  the  excavation,  which  was  carried  as 
a  rule  from  15  ins.  below  the  level  of  the  finished  invert.  On  comple- 
tion of  the  excavation  necessary  for  the  invert  masonry,  the  dead  water 
from  the  finished  tunnel  would  also  immediately  run  into  the  exca- 
vated length,  if  means  were  not  taken  to  keep  it  out.  The  entrance  of 
this  water  was  avoided  by  the  use  of  a  dam  placed  at  the  end  of  the 
last  length  of  constriicted  tunnel,  which  backed  up  the  water  and  pre- 
vented it  from  running  into  the  excavated  length.  Any  water,  how- 
ever, that  might  be  encountered  in  the  actual  ground  excavated  below 
the  invert  level  or  that  seeped  through  had  to  be  pumped  over  the 
dam  -nith  small  hand  pumps  into  the  finished  tunnel.  "SVorking  in 
ground  where  only  shaft  faces  were  in  construction,  with  no  break-ups, 
there  was  no  necessity  for  carrying  the  water  over  the  work  in  con- 
struction, but  at  the  open  end,  as  already  indicated,  it  was  necessary, 
also,  to  deal- with  the  water  coming  down  from  above,  from  all  break- 
ups, faces,  etc.,  and  in  these  cases  a  dam  had  to  be  constructed,  not 
only  in  the  end  of  the  finished  tunnel,  but  in  the  heading  itself,  and 
pipes  laid  from  the  dam  in  the  heading  to  the  dam  in  the  tunnel,  or 
vice  versa,  so  as  to  carry  the  water  over  the  length.  At  first  this  did 
not  present  any  gi-eat  difficulty,  as  two  12-in.  pipes  proved  sufficient 
to  carry  the  water;  but  later  on,  when  the  water  largely  increased  in 
quantity,  the  pipes  employed  had  to  be  largely  supplemented,  and, 
latterly,  a  large  launder  used,  which  seriously  interfered  with  the 
small  space  available  for  the  masons.  When  the  groiind  in  the  head- 
ing was  soft  or  of  a  sandy  character,  it  was  found  extremely  difficult  to 
construct  a  satisfactory  dam.  The  earth  round  and  under  the  same 
would  wash  away  and  the  water  from  the  heading  find  its  way  into  the 
excavated  length,  filling  same  and  necessitating  the  reconstruction  of 
the  dam,  relaying  of  pipes,  etc.     This  working  in  of  the  water,  in  spite 
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of  all  i^rovision,  occurred  sometimes  as  often  as  two  or  three  times  in 
bad  ground  during  the  construction  of  a  length,  and  the  difficulties 
were  often  further  increased  by  the  action  of  the  water  washing  round 
the  bottom  sill  props  and  undermining  them.  The  dam  placed  in  the 
invert  of  the  finished  tunnel  was  a  comi^aratively  simple  matter.  At 
first  it  was  constructed  of  bricks  and  clay,  which  were  removed  on  the 
completion  of  each  length;  subsequently,  however,  a  hollow  dam  was 
constructed  of  boards  made  to  fit  exactly  the  shape  of  the  invert. 
This  could  be  placed  in  position  very  speedily  and  weighted  down  with 
clay  placed  inside;  and  directly  the  invert  of  the  next  length  was  fin- 
ished, it  was  moved  forward  before  the  sleepers  were  placed  in  i^osition. 
This  effected  a  great  saving  in  time  and  labor.  The  size  of  this  dam. 
was  about  2  ft.  6  ins.  high  and  8  ft.  long,  constructed  of  Ij-in.  planks. 

The  quantity  of  water  encountered  in  excavating  the  ground  for 
the  laying  of  the  invert  varied  very  much,  it  sometimes  taking  as  much 
as  6  shifts  and  from  8  to  10  hand  pumps  to  pump  out  a  length  before 
the  masonry  could  be  laid,  while  on  several  occasions  the  masonry  of 
the  invert  had  to  be  laid  in  some  12  ins.  of  water. 

The  plates  which  accompany  the  paper  show  fully  the  arrange- 
ments in  connection  Avith  the  dams,  levels  at  which  heading  was 
driven,  etc. 

Quick  Handling  of  Material  Above  and  Below  Ground. — This  was  a 
point  to  which  very  considerable  attention  was  given,  although  nothing 
sijecially  new  was  used  in  the  way  of  winding  engines,  cages,  etc. 
The  chief  difficulty  consisted  in  proper  organization  and  discipline  of 
local  labor,  in  securing  capable  drivers  for  the  winding  and  other 
engines.  The  head-gears  for  the  shafts  were  of  the  usual  type,  some 
50  ft.  high,  with  two  floors,  one  at  the  ground-level  and  the  other  at 
about  15  ft.  above.  The  lower  floor  was"  used  entirely  for  the  cages 
carrying  materials  necessary  for  construction,  while  the  upi3er  was 
used  only  for  the  coaches  carrying  dirt,  etc. ,  extracted.  A  turn-table 
was  provided  for  each  cage,  with  a  switch  and  double  track  to  both 
sides  of  the  shaft,  double  cages  being  used  in  each  shaft.  At  the  pit 
bottom  four  turn-tables  were  emj^loyed,  two  to  each  cage,  one  on  each 
side,  thus  aftbrding  double  means  of  exit  and  entrance  and  communi- 
cation with  the  double  track  in  the  tunnel.  The  turn-tables  in  all  cases 
proved  more  convenient  than  switches,  where  it  was  possible  to  emj^loy 
them. 
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The  arrangement  of  the  turn-tables  and  of  the  tracks  is  also  shown 
in  the  plates  accompanying  this  paper. 

Ventilation. — Ventilation  was  a  point  of  very  considerable  import- 
ance, especiallv  in  pressing  on  with  the  heading  with  all  possible 
speed.  Root's  blowers,  No.  1, 14  ins.  by  22  ins. ,  and  30  ins.  long,  Avith 
8-in.  inlet,  were  used,  being  worked  either  by  a  small  sejjarate  engine 
or  from  the  pumping  engine.  Spiral  rolled  ii-on  tube,  5  ins.  in  bore,  was 
used  for  carrying  air  into  the  workings.  On  any  two  shafts  being 
communicated,  the  natural  ventilation,  if  i^roperly  looked  after,  proved 
to  be  sufficient.  Previous  to  communication,  in  some  of  the  headings 
where  a  considerable  quantity  of  dynamite  had  to  be  employed,  and 
when  the  distance  from  the  shaft  was  800  to  900  ft". ,  the  air  became  so 
bad  as  to  necessitate  the  use  of  two  blowers,  one  being  placed  at  half 
the  distance,  exhausting  the  air,  and  the  other  at  the  face,  blowing  in 
air.  Considerable  difficulty  was  found  in  keeping  the  pipes,  joints, 
etc.,  in  order,  as  the  workmen,  if  the  air  was  too  cold,  would  frequently 
plug  the  pipe;  or  if  at  another  point  the  air  appeared  deficient,  would 
knock  a  hole  in  the  pipe  with  a  pick  and  thus  satisfy  their  wants. 

Cost  of  Tunnel. — The  cost  of  the  finished  tunnel  by  the  present 
system  of  working  during  the  last  year  has  averaged  from  §650  to 
3700  per  meter.  It  is  impossible  here  to  enter  into  details  of  the  cost, 
as  this  subject  would  fairly  merit  another  paper.  The  cost  of  the 
tunnel  has  been  exceedingly  carefully  studied  and  analyzed,  and  the 
percentage  of  the  cost  divided  under  a  very  large  number  of  heads; 
but  it  is  impossible  to  touch  upon  this  matter  satisfactorily  with- 
out going  into  very  detailed  explanations,  as  the  cost  of  the  tunnel 
varied,  and  must  necessarily  vary,  according  to  the  circumstances 
under  which  it  is  carried  out.  If  a  tunnel  has  to  be  constructed  within 
a  S23ecified  time  at  the  highest  possible  speed,  necessitating  the  work- 
ing from  every  possible  point  and  the  employment  of  pumping 
machinery,  the  cost  must  obviously  differ  immensely  from  that  ob- 
tained where  working  is  only  carried  on  from  the  open  end  or  at  such 
points  where  pumping  presents  no  great  difficulties;  while  again,  the 
latter  cost  will  vary  if  the  expenditure  is  limited  to  a  fixed  sum  per 
month. 

Labor. — Foreign  labor  was  very  extensively  employed  at  first,  it 
being  utilized,  not  only  in  the  tunnel  in  connection  with  the  excavating 
and  timbering  of  lengths,  but  also  at  the  winding,  jjumping  and  other 
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engines,  and  largely  also  in  the  fitting  shops,  brickyard  and  at  other 
points.  Recently  it  was  found  possible  to  dispense  with  foreign  labor 
almost  entirely,  with  the  exception  of  the  English  or  American  tunnel 
miners  necessary  for  looking  after  the  timbering,  and  even  those  were 
reduced  in  number,  the  only  other  foreign  labor  employed  being  the 
foreman  in  charge  of  tunnel  masonry,  the  chief  mechanic  and  two  or 
three  assistants,  foreman  of  shops,  with  two  or  more  good  tool  hands, 
foreman  of  the  brickyard  and  one  or  two  others.  The  agent,  engineers, 
chief  accountant,  chief  of  traffic  and  some  other  members  of  the  office 
staff,  are  English  or  American.  Local  labor,  where  it  could  be  utilized 
in  place  of  foreign,  was  found  far  more  satisfactory,  the  men  being 
more  sober  and  attentive  to  their  duties,  and  only  requiring  constant 
and  careful  supervision  on  the  part  of  the  agent  and  the  engineering 
staff,  as  already  mentioned. 

General. — The  progress  made  during  the  year  ending  the  15th  of 
September,  1893,  is  as  follows  : 

Meters  of  tunnel  built 2  036 .  77 

Meters  of  heading  driven 4  420 .  74 

There  remained  at  that  date  only  some  2  667  m.  of  tunnel  to  build, 
and  900  m.  of  heading  to  drive. 

The  greatest  amount  of  tunnel  built  in  any  one  month  during  that 
year  was  242  m. ,  and  of  heading  driven,  450  m. ;  while  the  greatest 
advance  in  tunnel  in  any  one  face  in  a  month  was  55.50  m.  with  the 
treble  length  system,  and  in  heading,  200  m.  The  unwatering  of  the 
ttiunel  is  now  effected  entirely  by  the  heading  as  regards  the  points  in 
work,  and  the  total  discharge  per  minute  is  about  3  500  galls. 

During  the  month  of  July  last,  heading  was  being  driven  in  Shafts 
Nos.  7,  8,  10  and  11,  and  tunnel  built  in  Shafts  Nos.  11  and  12  ;  in 
August,  heading  in  Shafts  Nos.  7  and  8,  and  tunnel  in  Shafts  Nos.  10, 
11,  12  and  13. 

Latterly  it  has  been  necessary  to  drive  the  bottom  heading  again 
in  the  center  of  the  tunnel,  as  the  large  wooden  launder  required  to 
carry  water  through  the  lengths  came  into  collision  with  the  brick- 
layers' frame  when  set  for  building  the  invert,  the  size  of  the  launder 
or  trough  being  21  ft.  by  4  ft.  by  1  ft.  6  ins. ,  and  constructed  of  2-in. 
boards.  In  conclusion  the  authors  of  the  jjaper  wish  to  thank  the 
contractor's  agent,  Mr.  J.  F.  Toomer,  for  most  valuable  assistance 
afforded  them. 
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THE  SANDROCK  SEWERS  OF  ST.  PAUL,  MINN, 


By  George  L.  Wilson,  M.  Am.  See.  C.  E. 
Keai>  AT  THE  Annual  Convention,  June,  1894. 


WITH  DISCUSSION. 

Situated  on  both  sides  of  tlie  Mississippi  River,  the  city  of  St.  Paul 
includes  every  variety  of  surface,  frorn  nearly  vertical  palisades  extend- 
ing along  the  river  for  miles,  to  prairies,  and  from  ground  below  high 
water  in  the  river  (which  has  a  maximum  flood  stage  of  19  ft.  above 
low  water)  to  the  higher  portions  occupied  as  residence  districts, 
which  are  from  200  to  300  ft.  above  the  river.  The  situation  of  the 
residence  portions  on  the  high  ground,  on  both  sides  of  the  river 
valley,  overlooking  the  business  district  and  the  river  for  miles,  is 
very  beautiful;  few  cities  equal,  and  none  surpass,  it  in  natural  scenic 
beauty,  as  the  panoramic  views  from  its  bluffs  demonstrate. 

A  portion  of  the  city  area  90  to  100  ft.  above  the  river  forms  a 
nearly  level  bench,  comprising  a  district  of  some  1  100  acres  and 
extending  4J  miles  in  length,  with  a  width  varying  from  i  to  |  of  a 
mile.  It  is  of  peculiar  geological  formation  and  contains  a  unique 
system  of  tunnels  for  sewers,  water  works  and  telephone  cables,  being, 
so  far  as  knowTi,  the  onlv  extensive  construction  of  the  kind  in  America. 
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This  plateau  forms  a  shelf,  so  to  speak,  in  the  gorge  of  the  Missis- 
sijjpi,  and  is  a  bench  left  when  the  river  carved  out  its  deeper  and 
present  channel.  It  is  formed  by  the  bottom  and  hardest  portions  of 
the  Ti'enton  limestone,  of  which  ledges  from  20  to  30  ft.  thick  remain 
under  this  area.  This  limestone  is  quarried  and  extensively  used  for 
inside  or  covered  foundation  work.  Like  most  limestone,  it  splits 
easily,  and  in  a  few  years  disintegrates  when  exposed  to  the  weather,, 
so  that  it  has  been  generally  abandoned  for  use  in  situations  exposed 
to  the  action  of  rain  and  frost.  This  Trenton  formation  was  originally 
about  150  ft.  in  thickness  in  St.  Paul ;  the  portion  eroded  was  of  a  soft 
shaly  nature  with  some  seams  of  hard  stone,  as  shown  wherever  cut- 
tings along  the  bluifs  have  exposed  the  upper  strata,  which,  it  may  be 
remarked,  abound  in  fossils. 

Over  the  limestone  in  the  higher  parts  of  the  city  lie  clays  and  allu- 
vial soils  of  varying  thickness,  but  in  that  portion  which  we  consider 
there  are  onlv  a  few  inches  or  feet  above  the  rock. 


SA  N  O    ROCK 


Fig.  1 

Under  the  Trenton  lies  the  St.  Peter  sandstone  ;  hardly  a  stone  except 
in  name,  as  it  may  be  picked  and  shoveled  without  blasting.  It  is 
nearly  a  pure  quartz  sand,  the  lower  strata  almost  white  and  the  upper 
of  varying  shades  of  yellow.  This  formation,  geologically  known  as  St. 
Peter  sandstone  and  locally  as  sandrock,  is  exj^osed  along  the  river 
from  10  miles  above  to  20  miles  below  the  city.  It  is  about  130  ft.  in 
thickness  and  lies  approximately  level  from  north  to  south  and  with  a 
sUght  pitch  to  the  west  of  14  ft.  per  mile.  The  elevation  of  the  top  of 
this  sandrock  is  767  ft.  above  sea  level  and  84  ft.  above  the  river,  which 
has  an  elevation  of  683  ft.  above  sea  level. 

In  this  sandstone,  easily  tunneled,  there  are  many  excavations  for 
various  purposes.     Those  of  interest  to  engineers  are  the  subways  for 
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sewers,  water  mains  and  telephone  conduits.  In  the  first  building  up 
of  the  city  the  facility  for  draining  the  bench  land  by  tunnels  in  the 
sandrock  led  to  the  construction  of  many  di'ifts  by  private  individuals, 
each  running  from  some  point  at  the  bluflf  directly  to  the  land  to  be 
drained,  without  much  attention  being  paid  to  iiniform  grade  or  align- 
ment and  without  any  bottom  lining.  These  have  been  abandoned  as 
IJublic  sewers  were  constructed.  The  section  of  the  river  valley  (Fig.  1) 
shows  at  E  F  the  portion  of  the  city  adapted  for  this  tunnel  construc- 
tion and  the  geological  formation  before  described. 

In  1873  the  city  (then  having  a  population  of  25  000)  began  to  build 
sewers  in  this  sandrock.  In  those  first  built,  the  laterals  were  lined  with 
V-shaped  inverts.     This  proved  unsatisfactory,   and  all  now  have  a 


SECTIONS 
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Fig.  2. 
channel  at  the  bottom  lined  with  brickwork,  usually  of  a  parabolic 
section.  The  different  sections  used  vary  from  9  x  14  ins.  to  4  x  4  ft., 
while  the  tunnels  range  from  2  ft.  6  ins.  x  6  ft.  to  7  ft.  x  7  ft.,  all  having 
a  clear  height  of  at  least  6  ft.  (Fig.  2).  A  main  sewer  running  the 
entire  length  of  the  sandrock  district  acts  as  intercepter  for  the  dry 
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weather  flow,  while  the  storm  water  passes  off  through  proper  over- 
flows. The  invert,  or  channel  of  brickwork  in  the  bottom,  is  of 
capacity  to  carry  the  ordinary  flow  and  light  showers.  Storm  water 
from  heavy  showers  rises  above  the  brickwork,  but  the  rock  is  just 
hard  enough,  so  that  usually  there  is  no  ai:>preciable  scour.  In  many 
of  the  sewers  the  pick-marks  of  original  construction  are  still  plainly 
seen  along  the  sides  after  10  and  15  years  of  use.  In  places,  however, 
the  sandrock  is  soft  enough  to  require  a  complete  lining  ;  in  fact,  it  is 
probable  that  some  time  in  the  future  these  tunnels  will  be  completely 
lined  with  brickwork  and  enlarged  to  serve  as  subways  for  other  pur- 
poses in  addition  to  their  use  for  sewers,  as  has  been  done  in  Paris. 

The  grades  used  range  from  0.1  ft.  to  10  ft.  j^er  100  ft.,  the  rate 
of  1  ft.  being  preferred  for  the  laterals.  The  rate  of  10  ft.  per  100 
ft.  is  a  necessity  for  getting  down  to  the  river  in  some  of  the  over- 
flows. On  the  steepest  grades  granite  lining  is  used.  In  passing 
from  oi^en-cut  surface  sewers  on  the  high  ground  to  the  sandrock 
sewers,  difiiculty  is  found  in  making  satisfactory  connections ;  gen- 
erally a  vertical  drop  in  a  granite-lined  shaft  is  used  (see  page  199),  or  by 
a  "sloj)e"  from  the  upper  to  the  lower  sewer  if  the  depth  is  not  too 
great.  The  bottom  of  the  shaft  is  preferably  a  well  at  bottom  instead 
of  the  section  shown.  The  limit  of  economical  construction  is 
where  the  grade  brings  the  roof  of  the  sewer  against  the  overlying 
rock,  or  the  depth  of  limestone  and  earth  above  is  such  that  it  is  too 
expensive  to  reach  the  tunnels  from  the  surface.  The  views  on  Plate 
XXYI  show  actual  construction  in  two  of  the  sewers. 

The  depth  from  open-cut  sewers  to  the  tunnels,  which  usually  end 
at  the  foot  of  the  bluffs,  is  from  20  to  75  ft.  Through  the  sandrock 
district  the  dejsth  to  sewer  from  the  surface  is  between  25  and  60  ft. 

In  the  construction  of  the  tunnels,  shafts  are  sunk  at  street  inter- 
sections, from  300  to  600  ft.  aj^art.  These  are  built  up  with  brickwork 
from  the  solid  rock  to  the  street  surface  and  provided  with  manhole 
covers,  and  at  convenient  points  with  iron  ladders  for  access  to  the 
sewers. 

The  lines  are  transferred  from  the  surface  by  plumb-bobs  in  the 
shafts  and  fixed  below  by  wooden  plugs  placed  in  the  roof  of  the  tun- 
nel. Grades  are  given  on  similar  plugs  placed  on  the  sides.  The 
drifts  are  opened  through  between  shafts,  then  trimmed  to  form,  and  the 
bottom  carefully  shaped  to  fit  the  brickwork,  which  is  then  laid  accu- 
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rately  to  grade  and  line.  Owing  to  the  short  length  of  headings, 
usually  no  artificial  ventilation  is  required,  more  particularly  as 
most  of  this  work  is  done  in  the  winter,  as  labor  is  cheaper  at  that 
time  and  this  is  work  that  can  be  done  then  better  than  at  other  sea- 
sons. When  ventilation  is  required,  a  small  rotary  fan  is  placed  at  the 
surface  with  3-in.  air  pipe  leading  down  to  the  heading. 

The  tools  used  on  this  work  are  simple,  the  picks  only  are  of  special 
construction.  The  waste  (muck)  is  loaded  into  buckets,  wheeled  to 
shafts,  and  hoisted  by  windlass  oj)erated  by  hand-power.  The 
amount  to  be  removed  at  one  time  being  small,  this  is  found  to  be  the 
most  economical  method. 

As  to  cost,  the  price  of  excavating  and  removing  waste,  use  of  tools 
and  lights,  averages  $1  10  per  lineal  foot  for  smaller  sizes;  sinking 
shafts,  S3  i^er  foot  in  deijth;  brick  lining  laid  in  American  hydraulic 
cement,  $20  per  M.  The  average  cost  jjer  foot  of  all  sizes  may  be 
put  at  .f3,  which  will  include  shafts  and  catch  basins;  the  cost  of 
these  with  connection  to  the  sewer  is  $150  each. 

There  are  20  miles  of  these  subways  in  the  city  at  present,  and  a 
considerable  i^art  of  the  area  mentioned  is  not  yet  built  up.  About 
$300  000  has  been  expended  in  this  work  to  date.  House  connections 
are  made  for  a  price  of  85  cents  jjer  lineal  foot  of  horizontal  and 
vertical  distance.  This  includes  the  6-in.  pipe  which  is  laid  to  the 
main  sewer. 

The  house-drains  are  connected  with  the  main  sewer  through  a 
small  tunnel  at  right  angles  to  the  street,  running  back  to  the  pro^jerty 
to  be  drained.  A  4-in.  or  6-in.  drill  hole  is  made  through  the  rock, 
the  plumbing  connected  at  the  upper  end,  and  a  6-in.  or  9-in.  vitrified 
pipe  run  from  the  lower  end  out  to  the  main  sewer.  At  the  bottom  of 
the  vertical  pipe  a  X  connection  with  clean-out  is  placed,  and  the 
pipe  in  the  side  tunnel  is  covered  with  concrete.  Connections  with 
catch  basins  are  made  in  a  similar  manner,  excejit  in  the  drift  where  a 
brick  invert  is  laid  instead  of  a  vitrified  pipe  (see  page  201). 

Besides  the  sewer  tunnels,  there  are  some  four  miles  of  water  pipes, 
in  separate  tunnels,  located  on  the  side  of  the  streets  and  above  the 
former.  In  size  these  are  3x  6  ft.  Pipes  in  these  tunnels  are  of  4-in., 
6-in.  and  12-in.  sizes.  These  pipes  are  in  no  i30ssible  danger  from 
frost  or  surface  disturbances,  and  the  whole  system  is  open  to  inspec- 
tion or  repairs  at  any  time  withoiit  opening  the  street.     The  method  of 
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putting  in  service  pipes  from  the  buildings  is  very  simple.  A  drift  is 
run  out  at  right  angles  to  the  street  under  the  building  to  be  con- 
nected, and  a  drill  hole  made  from  the  cellar  to  the  drift,  and  the 
service  pipe  run  from  the  cellar  to  the  main,  where  a  meter  is  placed 
secure  from  meddling  and  easy  of  access. 

The  construction  of  telephone  subways  has  been  commenced. 
These  are  of  the  same  general  form  and  size  as  the  water-pipe  tunnels, 
and  have  space  at  the  sides  for  eight  or  ten  cables.  For  distribution 
to  subscribers,  one  connection  to  the  surface  is  made  in  each  block 
and  surface  wires  run  in  the  block. 

The  city  of  Minneapolis  has  used  a  similar  constriiction  for  its 
sewer  outlet  tunnels  below  St.  Anthony  Falls  to  a  limited  extent. 
Here  it  has  been  found  necessary  to  comi^letely  line  all  the  tunnels  as 
the  sandrock  is  more  friable  and  holds  more  water  in  seams. 

This  is  an  account  of  how  one  city  has  been  able  to  solve  a  jsortion 
of  the  subway  question  for  a  limited  part  of  its  area.  There  are,  jier- 
haps,  no  other  cities  having  geological  features  that  would  make  this 
plan  feasible,  for,  like  other  engineering  exisedients,  it  has  been 
worked  out  to  suit  the  environment. 


DISCUSSION 


A.  F.  NoYES,  M.  Am.  Soc.  C.  E.— I  would  like  to  ask  Mr.  Wilson 
what  method  he  ixsed  for  ventilating  the  sewers  ? 

J.  T.  Fanning,  M.  Am.  Soc.  C.  E.— Mr.  "Wilson  has  mentioned  that 
Minneapolis  uses  a  similar  system  of  sandrock  sewers.  The  discharge 
of  the  main. outfall  sewers  at  Minneapolis  is  into  the  river  below  the 
Falls  of  St.  Anthony.  These  outfalls  are  at  a  level  about  100  ft.  below 
the  street  surfaces  drained  by  them,  and  the  surface  system  of  sewers 
discharges  into  the  low  level  outfall  in  a  vertical  shaft.  There  is  a  strong 
upward  draught  through  this  vertical  shaft  which  thoroughly  venti- 
lates the  tunnel  sewer  below.  The  tail-races  of  the  mills  at  Minne- 
apolis are  tunneled  in  the  sandrock  in  a  similar  manner,  and  in  this 
respect  are  similar  to  the  Niagara  power  tunnel.  Mr.  "Wilson  said  the 
surface  rock  in  St.  Paul  is  the  Trenton  limestone.  The  similar  lime- 
stone in  Minneapolis  is  about  12  ft.  thick  in  the  river-bed  at  the  crest 
of  the  falls  and  rests  upon  the  sandrock.  The  tail-races  of  the  mills 
are  tunneled  immediately  beneath  the  firm  lime  rock,  and  this  rock 
forms  the  roof  of  each  tunnel.     The  dam  and  forebay  leading  water 
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to  the  turbines  rest  upon  the  lime  rock,  and  beneath  the  forebay  a 
vertical  shaft  is  cut  to  the  tunnel  below  and  the  turbines  are  placed 
in  these  vertical  shafts  so  as  to  discharge  their  water  into  the  tunnel 
tail-races  below.  This  system  of  tunneled  tail-races  is  still  followed  at 
the  mills  in  Minneapolis. 

Desmond  FitzGekaxiD,  M.  Am.  Soc.  C.  E. — Are  the  tail-races  lined? 

Mr.  Fanning. — The  original  tail-races  were  lined  with  wood.  The 
flow  of  water  from  the  turbines  does  not  usually  fill  the  tunnel  to  the 
roof  and  the  lining  was  not  usually  carried  up  so  high  as  the  limestone 
roof,  but  only  a  little  above  the  ordinary  level  of  water  in  the  tail- 
races.  Some  of  the  older  tail-races  and  the  more  recent  tunneled  tail- 
races  are  lined  with  masonry.  The  sandrock,  usually  called  St.  Peter 
sandstone,  resists  the  effects  of  the  atmosphere  very  well  except  near 
the  mouths  of  the  tunnels  where  frost  action  disintegrates  it;  but  it  is 
necessary  to  line  these  tunnels,  to  protect  the  rock  from  erosion  by  a 
ciirrent  of  water. 

K.  E.  HiLGAED,  M.  Am.  Soc.  C.  E. — I  do  not  know  that  I  can  add 
anything  pertaining  to  the  sewers,  but  I  -n-ish  to  state  that  I  have  al- 
ways been  impressed  by  the  geological  conditions  existing  at  St.  Paul, 
Minn.  Over  a  great  part  of  the  city,  they  are  very  favorable  to 
certain  building  operations.  Removing  a  little  top  soil,  the  limestone 
is  found  in  almost  level  ledges,  easily  removed  and  easily  worked,  fur- 
nishing sufficient  and  well-adapted  material  for  cellar  and  basement 
walls  to  stand  on  the  best  of  firm  foundations. 

Besides,  everyone  in  St.  Paul  is  proud  of  the  beautiful  white  sand- 
rock  bluflfs.  Nature  itself  teaches  us  instructive  methods.  I  have 
often  admired  the  work  of  hundreds,  nay,  thousands,  of  birds  in  the 
soft  sandrock,  into  which  these  winged  creatures  dig  their  little 
caves.  Men,  likewise,  have  taken  advantage  of  this  condition,  and 
have  at  times  dug  out  of  this  rock  places  to  live  in,  and  even  in  early 
times  Indians  have  used  caves  as  dwelling  places  that  exist  to  this  day. 

D.  J.  Whittemore,  Past  President  Am.  Soc.  C.  E. — It  would  be  very 
gratifying  to  the  citizens  of  St.  Paul  could  they  feel  sure  that  the 
sewers  they  have  constructed  in  sandrock  would  not  in  time  require 
lining. 

In  1856-57  the. Chicago,  Milwaukee  and  St.  Paul  Railway  Company 
constructed  a  tunnel  through  similar  rock,  at  the  dividing  ridge  be- 
tween the  Wisconsin  and  Mississippi  rivers.  Immediately  after  its 
construction  it  required  timber  support,  and  when  this  timber  became 
decayed,  it  was  found  cheaper,  and  certainly  safer,  to  build  a  new 
tunnel  and  line  it  with  brick  than  to  attempt  to  utilize  the  old  one. 
The  rock  at  St.  Paul  is  so  soft  that  one  can  bore  into  it  with  an  auger, 
and  birds  excavate  holes  in  it  for  their  nests.  Jonathan  Carver 
over  100  years  ago  describes  the  rock  as  being  the  home  of  the 
birds.      Perhaps  some  of  the  members  will  call  to  mind  a  very  inter- 
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•esting  paper  read  at  the  Minneapolis  convention  by  the  late  Colonel 
Farquhar  upon  the  preservation  of  the  Falls  of  St.  Anthony,  which 
falls,  through  erosion  of  this  soft  rock,  was  being  disastrously  affected. 

Nearly  40  years  ago  I  was  camped  with  a  party  near  an  Indian  cave 
in  this  rock  mentioned  by  Carver,  and  there  was  then  evidence  inside 
it  of  continuous  erosion.. 

I  desire  further  to  add  that  the  line  of  the  Chicago,  Milwaukee 
and  St.  Paul  Railway  passes  for  a  long  distance  along  this  sandrock 
bluff  in  St.  Paul,  and  also  at  Fort  Snelling,  and  that  within  the  last 
three  or  four  years  great  expense  has  been  had  in  building  retaining 
walls  to  protect  against  erosion  of  this  rock,  as  each  siiccessive  season 
through  climatic  effects  would  cause  1  ft.  or  more  to  shell  off  the  steep 
bluffs  and  undermine  the  overlying  limestone  ledge,  thereby  endanger- 
ing traffic.  1  state  this  as  only  tending  to  indicatethat  in  time  it  maybe 
found  necessary  to  give  the  sewers  in  this  rock  at  St.  Paul  an  adequate 
lining. 

George  L.  Wilson,  M.  Am.  Soc.  C.  E. — In  reply  to  Mr.  Noyes'  ques- 
tion, I  would  say  that  the  sandrock  sewers  are  ventilated  by  the  shafts 
at  street  intersections.  These  serve  as  manholes  and  are  all  provided 
with  ventilated  covers. 

In  the  drop-shafts  the  current  of  air  whenever  the  water  is  falling 
is  always  down,  thus  drawing  the  air  from  the  sewers  above  and  forc- 
ing it  in  a  stream  into  the  sewers  below. 

The  trouble  spoken  of  by  Mr.  Whittemore  is  along  the  exposed 
bluffs,  and  is  due  to  the  action  of  sun,  wind,  and  esijecially  frost, 
neither  of  which  affect  the  sewers.  It  is  probable  that  at  some  time  in 
the  future  the  sewers  may  be  lined,  and  the  sections  used  are  of  such 
form  that  the  upper  part  can  be  lined  without  changing  the  invert  first 
put  in.  The  rock  at  Minneapolis  spoken  of  by  Mr.  Fanning  is  softer 
and  charged  with  water,  which  makes  the  lining  of  the  tunnels  there 
-a  necessitv. 
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A  FEW  REMARKS  ABOUT  THE  NIAGARA 
GORGE. 


By  L.  L.  BrcK,  M.  Am.  Soc.  C.  E. 
Ee.u)  at  the  A^tnual  Convention,  June,  1894. 


WITH  DISCUSSION. 

Yarioiis  scientific  societies  have  discussed  tliis  gorge  and  in  some 
cases  attempts  have  been  made  to  estimate  the  length  of  time  required 
by  the  river  to  excavate  the  chasm  as  it  now  exists.  But  there  are 
some  of  its  features  which  appear  to  have  been  overlooked  in  such 
papers  as  have  come  under  the  wi-iter's  observation,  and  which  he  has 
thought  might  be  of  interest  to  our  members  while  they  are  here, 
where  they  will  be  able  to  examine  and  study  the  question  for  them- 
selves. It  jjresents  abundant  opportunities  for  the  development  of 
theories.  The  writer  has  had  various  theories  about  it,  but  should 
any  of  them  become  evident  in  this  jiaper  he  warns  anybody  who 
attacks  them  that  he  may  suddenly  find  him  on  his  side  regarding  them. 

To  simiilify  the  following  description,  the  gorge  has  been  divided 
into  six  parts,  as  follows: 

A  B,  11  500  ft.  long;  B  C,  about  4  000  ft. ;  C  R,  about  1  200  ft. ; 
R  D,2  000  ft. ;  E  F,'3  200  ft. ;  F  H,  3  700  ft.     These   distances  are 
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but  roughly  approximate,  and  obtainetl  by  scaling.  The  portion  A  B, 
beginning  at  the  falls,  is  generally  about  800  to  1  200  ft.  wide  at  the 
water  surface,  has  but  slight  descent  and  a  rather  slow  current,  and 
along  its  axis,  as  shown  by  the  soundings,  depths  of  120  to  190  ft., 
the  latter  depth  being  toward  the  upper  portion.  This  is  the  only 
portion  in  which  soundings  have  been  taken. 

B  C,  at  the  water  surface,  has  a  width  of  about  400  ft.,  a  descent 
of  about  26  ft.,  and,  as  would  be  expected,  a  tremendous  current,  very 
much  broken  up  and  about  10  or  12  ft.  higher  in  the  middle  than  at 
the  edges. 

C  R,  at  the  water  surface,  has  a  width  of  about  600  ft.,  a  descent 
of  about  2  ft.,  current  decreasing  and  becoming  smoother  at  R. 

R  D,  the  portion  knowTi  as  the  Whirlpool,  has  at  the  surface  a 
length  of  2  000  ft. ;  width,  1  100  ft.  The  outlet  E,  on  the  right-hand 
side,  is  about  midway  between  R  and  D.  The  axis  of  the  current 
from  R  ajjproaches  the  right  side,  and  while  some  of  the  water  flows 
directly  through  the  outlet,  the  greater  jsart  flows  past  the  outlet,  im  - 
pinges  against  the  shore  at  the  right  of  D,  turns  to  the  left  and  circles 
around  till  nearly  opposite  the  outlet,  w^here,  meeting  the  portion 
coming  down  the  left  side,  both  currents  are  driven  toward  the  outlet, 
and,  passing  under  the  former  current,  come  boiling  ujd  at  the  outlet 
and  flows  through  it  in  a  new  direction  at  an  angle  of  over  90^  from 
its  former  dii-ection.  Beyond  D  is  a  ravine,  down  which  a  small  brook 
flows  and  empties  into  the  Whirlpool  at  D.  £"  P  has  a  surface  wddth 
of  600  ft.,  a  descent  of  4  or  5  ft.,  and  a  considerable  current. 

At  F  the  surface  suddenly  narrows  to  about  300  ft.  in  width,  with 
an  increasing  current  and  a  descent  of  7  or  8  ft. ,  to  IT,  where  the  width 
becomes  about  900  ft. 

Throughout  the  whole  distance  the  sides  of  the  gorge  are  vertical 
at  the  top,  and  next  to  the  Horseshoe  the  vertical  portion  extends 
nearly  to  the  lower  surface.  Below  this  point  the  banks  are  vertical 
or  overhanging,  wath  heights  of  30  to  60  ft.  Below  this,  a  slope  formed 
of  the  debris  from  the  sides,  with  inclinations  of  35  to  45^,  ex- 
tends to  the  water's  edge.  The  upjjer  stratum  of  rock  is  generally  10 
to  15  ft.  thick,  of  limestone,  possessing  considerable  strength,  but 
flakes  oft"  slowly  by  exposure  to  the  atmosphere.  This  is  suc- 
ceeded by  limestone  shale,  blue  shale,  more  finely  stratified  limestone 
and  red  sandstone,  red  shale  and   limestone  strata  with   clav  seams. 
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The  existence  of  the  great  falls  is  due  to  this  arrangement  of  the 
formation.  The  water  falling  over  the  edge  of  the  top  stratum  exca- 
vates the  softer  materials  below,  until  the  top  stratum  projects  so  far 
out  that  its  own  weight  and  the  superincumbent  water  causes  it  to 
break  ofi'. 

From  the  soundings  below  the  falls,  as  well  as  from  a  study  of  the 
Oenesee  Falls  at  Rochester,  where  the  formation  is  veiy  similar,  it 
appears  that  generally  the  fall  excavates  to  a  depth  below  the  lower 
surface  about  equal  to  the  height  of  the  fall  above  that  surface. 

Judging  from  the  generally  uniform  conditions  existing  from 
A  to  B,  it  is  reasonable  to  su^jpose  that  the  excavation  throughout 
the  11  500  ft.  has  gone  on  at  about  the  present  rate.  If  so,  it  would 
have  occupied  a  period  of  about  i  000  years.  This  ai)i)lies  only  to  a 
little  over  2  miles  of  the  7  miles  of  gorge,  or  less  than  one-third  of 
the  distance. 

At  B  the  conditions  are  abruptly  changed.  The  chasm  becomes 
but  about  half  as  wide  as  at  A  B.  Although  no  soundings  can  be 
taken,  there  is  good  reason  to  suppose  that  the  depth  does  not  exceed 
SO  ft.  Then  there  is  the  rapid  descent  of  the  surface.  One  feature 
exists  in  the  formation  in  this  portion  which  does  not  occur  in  the 
former  portion,  in  the  fact  that  here  we  have  a  second  strong  stratum 
of  rock  about  12  to  14  ft.  thick,  located  about  115  ft.  below  the  top 
one,  and  suggesting  that  it  may  have  caused  the  fall  to  be  divided 
into  two  parts,  the  lower  following  the  upper.  This  argument  is  also 
supported  by  the  fact  that  immediately  overlying  this  second  strong 
stratum  is  a  stratum  of  blue  shale  50  ft.  thick,  which  would  be 
rapidly  disintegrated  by  a  heavy  volume  of  water  falling  upon  it,  or  if, 
with  a  fall  of  115  ft.,  it  suddenly  brought  up  against  the  second 
smooth  stratum,  which  would  deflect  a  considerable  portion  of  it 
laterally  and  violently  against  the  shale.  The  excavation  here  would 
be  much  more  rapid,  and  consequently  make  the  gorge  narrower. 

The  Whirlpool  appears  to  indicate  that  there  must  have  been  a  great 
cavity  in  the  rock,  although  some  writers  have  advanced  the  theory 
that  at  one  time  the  river  continued  in  the  direction  of  R  JD  produced, 
and  after  excavating  the  gorge  up  to  about  the  present  outlet  became 
dammed  by  glacial  action  or  some  natural  convulsion,  which  diverted 
the  water  into  its  present  course.  This  may  be  the  most  reasonable 
theorv. 
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The  third  striking  feature  is  that  at  F  H,  where  the  great  pi"otiiber- 
ance  G  juts  out  from  the  left  bank,  with  a  considerable  ravine  between 
it  and  the  bank,  and  extending  from  the  lower  end  about  half  way  to 
the  upper  end. 

There  may  have  been  a  long,  narrow  island  about  over  the  highest 
part  of  this  protuberance  before  the  falls  reached  this  part.  This 
would  divide  the  stream,  the  larger  channel  to  the  right.  Such  larger 
channel  would  cut  more  rapidly  and  deeper  than  the  other  one,  so  that 
by  the  time  the  smaller  had  cut  about  half  way  up,  the  larger  would 
have  reached  the  upper  end  of  the  island,  and  would  then  divert  the 
water  from  the  smaller  channel  to  itself.  The  island  afterwards  would 
crumble  down  to  its  present  form. 

It  must  be  constantly  borne  in  mind  that  at  Avhatever  point  the  falls 
have  been,  the  river  above  them  has  spread  over  a  much  greater  width 
than  that  of  the  present  gorge,  and  that  the  falls  themselves  always 
left  the  gorge  narrower  than  we  now  find  it,  to  be  afterward  widened 
by  atmospheric  influences. 

In  the  remaining  two  miles  the  gorge  presents  some  features  of 
minor  interest,  but  none  so  striking  as  those  described. 


DISCUSSION 


F.  Lynwood  Garrison,  Assoc.  M.  Am.  Soc.  C.  E. — As  the  length 
of  time  in  which  the  Niagara  gorge  could  have  been  eroded  by  the 
action  of  the  falls  is  a  subject  upon  which  there  is  some  difference  of 
oijinion  among  competent  geologists,  it  would  seem  that  Mr.  Buck's 
estimate  of  4  000  years  as  the  probable  period  necessary  to  effect  this, 
excavation  from  the  whirljoool  rapids  to  the  present  site  of  the  falls  is 
somewhat  arbitrary. 

Our  knowledge  of  geological  i^henomena  has  of  late  years  under- 
gone such  modifications  that  I  think  it  is  doubtful  if  geologists  are 
agreed  that  the  formation  of  this  gorge  has  been  necessarily  due 
entirely  to  the  erosion ;  there  seems  to  be  some  disijosition  to 
attribute  at  least  its  primary  existence  to  a  fault,  crack  or  disloca- 
tion of  the  Niagara  limestone  and  its  underlying  shales. 

The  State  Geologist  of  New  York,  Professor  Hall,  and  the  famous 
English  geologist,  Lyell,  both  estimated  the  average  rate  of  erosion  by 
the  falls  at  1  ft.  per  year.  Professor  Dana  considers  their  estimate  large. 
Desor  calculated  the  erosion  at  about  3  ft.  i^er  century.     Estimating 
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the  total  length  of  the  gorge  from  Qiieenstown  to  be  6  miles,  at  the 
rate  of  1  ft.  per  year  31  000  years,  and  at  1  in.  per  year,  or  about  8y  ft. 
per  century,  380  000  years  would  elapse  before  the  falls  -would  reach 
their  present  location.  Blakewell,  I  believe,  estimates  the  rate  of 
recession  at  3  ft.  per  year.  Professor  Archibald  Geikie  considers  Lyell's 
estimate  as  the  more  probable  conjectiire. 

If  Mr.  Buck's  calculation  of  11  500  ft.,  as  the  distance  between  the 
falls  and  the  whirlpool  rapids  is  correct,  and  if  we  accejit  Blakewell's 
estimate  of  3  ft.  per  year,  Mr.  Buck's  calculation  of  4  000  years  would 
appear  to  be  about  right.  Admitting  the  gorge  was  formed  by  the 
action  of  the  water,  which  has  been  by  no  means  proved,  and  was 
not  due  to  any  other  cause  or  causes,  it  seems  to  me  this  estimate 
of  4  000  years  is  altogether  too  small.  The  consensus  of  opinion  of 
geologists  would  seem  to  be  nearer  that  of*  Lyell's  estimate  of  1  ft.  per 
year,  than  any  other  ;  at  this  rate  the  gorge  along  the  line  .^  B  would 
require  about  12  000  years.  Professor  Geikie,  I  believe,  maintains 
that  the  entire  gorge  was  formed  by  the  erosive  action  of  the  falls  and 
was  not  due  to  any  dislocation,  rent  or  fault  in  the  rocks. 

EoBEKT  Fletcher,  Assoc.  Am.  Soc.  C.  E. — It  may  be  well  to 
call  to  mind  some  geological  opinions  on  this  subject.  It  is  well 
known  that  Lyell's  estimate  of  the  time  required  to  excavate  the 
Niagara  gorge  exceeded  100  000  years.  I  have  the  opinion  of  a  geo- 
logist who  has  made  considerable  study  of  the  subject,  to  the  effect 
that  oj)inions  among  geologists  have  been  much  modified  in  recent 
years,  and  that  the  disposition  is  now  to  place  the  time  very  much  less 
than  that,  certainly  not  more  than  10  000  years,  and  -ndth  the  tendency 
to  reduce  even  that  figure. 

Joseph  P.  FEizEiiL,  M.  Am.  Soc.  C.  E. — I  want  to  say  a  word  on  the 
gorge  as  the  result  of  abrasion.  It  seems  to  me  that  there  is  a  very 
trustworthy  criterion  to  determine  whether  this  gorge  resulted  from  a 
natural  process  of  abrasion  such  as  is  now  going  on,  or  was  deter- 
mined by  a  fault  in  the  rock.  The  river  above  the  falls  is  some  5  000 
ft.  wide,  while  the  gorge  is  scarcely  more  than  1  000  ft.  Now,  if  we 
assume  that  the  river  once  flowed  from  Lake  Erie  to  Lake  Ontario,  as 
it  now  flows  from  Lake  Erie  to  the  Falls,  and  that,  by  the  natural 
process  of  abrasion,  by  the  undercutting  of  the  cataract  and  the  fall 
of  the  superincumbent  rock,  the  falls  have  receded  to  their  j^resent 
position,  this  history  would  be  i^lainly  written  in  the  adjacent  tojiog- 
raphy.  We  should  find  along  this  gorge,  and  on  both  sides  of  it,  the 
banks,  the  deposits  and  the  abrasions  incident  to  the  flow  of  a  wide 
and  swift  stream.  Whereas  if  the  present  course  of  the  river  had  been 
originally  determined  by  a  fault  in  the  rock,  these  indications  would 
be  wanting.  I  do  not  know  whether  such  topographical  features 
exist,  but  it  seems  to  me  that  this  is  the  true  criterion  for  verifying  or 
disproving  the  hyjiothesis  of  a  fault. 
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HowAED  J.  Cole,  Assoc.  M.  Am.  Soc.  C.  E. — It  seems  to  me  tliat  if 
this  gorge  had  been  formed  by  the  abrasion  of  the  rock  there  would  be 
some  indications  of  it  in  the  lake.  The  river  ought  to  deposit  the 
material  accumulated  from  the  decomposition  of  the  rocks  in  a  peculiar 
form  of  natural  shelf  soon  after  it  enters  Lake  Ontario.  I  would  like 
to  ask  Mr.  Buck  if  he  has  any  information  about  this,  and  whether 
soundings  have  been  taken  in  the  lake  that  show  indications  of  a 
deposit. 

L.  L.  Buck,  M.  Am.  Soc.  C.  E. — I  cannot  inform  anybody  regard- 
ing the  deposit  in  Lake  Ontario,  as  I  have  never  made  any  investigation 
there. 

Mr.  Cole. — It  would  not  begin  to  deposit  the  material  until  it 
enters  the  still  water  of  the  lake. 

Mr.  Buck. — Yes;  it  might  deposit  some  in  the  river  below  the 
mountain.  Supposing  the  falls  commenced  at  the  mountain  they 
would  be  apt  to  excavate  a  considerable  basin  below,  both  as  to  width 
and  depth.  The  material  of  such  excavation  would  be  carried  to  the 
lake;  then  when  the  falls  had  receded  to  some  distance,  this  basin 
would  retain  some  of  the  disintegrated  material. 

Mr.  Cole. — I  have  seen  a  somewhat  similar  case  of  a  brook  coming 
down  a  mountain  side,  carrying  in  suspension  gravel  and  earthy 
matter  scoured  from  its  course,  finally  emi:)tying  into  a  small  j^ond 
where  it  formed  a  shelf  of  this  material  and  extended  this  shelf  out 
until  it  very  nearly  filled  the  mill  pond.  I  think  the  Niagara  River 
would  act  on  the  same  principal  if  the  gorge  was  formed  by  abrasion. 

Mr.  Buck. — Not  wishing  to  take  too  much  time  here  that  may  be 
required  on  some  more  profitable  paper,  I  would  say  that  this  j^aper 
was  written  to  call  the  attention  of  the  members,  while  on  the  spot,  to 
the  peculiarities  of  the  gorge  and  to  point  out  the  portions  where,  at 
various  times  in  the  past,  the  conditions  must  have  been  different  from 
what  they  are  at  present. 

Answering  the  qiiestion  as  well  as  I  can  : 

There  is  the  heavy  stratum  at  the  top  of  the  fall,  over  which  the 
water  breaks,  but  further  inland  there  are  some  finer  strata  overlying 
the  heavy  one.  Above  the  falls,  in  the  channel,  these  finer  strata 
crumble  away  and  form  the  rajjids  as  they  exist  above  the  falls.  The 
material  below  the  heavy  stratum  is  of  a  more  frail  nature.  As  before 
stated,  there  are  thjn  strata — some  very  thin.  There  are  some  very 
thick  strati,  of  blue  shale  which  do  not  withstand  the  action  of  water 
and  air.  These  fine  strata  and  the  shale  are  torn  out  by  the  water, 
assisted  by  the  air  which  gets  behind  the  falling  sheet  of  water,  until 
the  process  has  excavated  so  far  back  that  the  weight  of  the  projecting 
shelf,  .with  the  superincumbent  water,  becomes  too  great  for  its 
strength,  when  large  masses  of  it  are  broken  off  and  fall  into  the 
channel  below.     They  doubtless  get  still  further  broken  up  in  falling, 
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and  again  by  siTCceeding  pieces  falling  upon  them.  Most  of  these  large 
pieces  probably  remain  in  the  bottom.  It  is  not  likely  that  any  of 
these  large  masses,  or  even  any  masses,  are  carried  to  the  lake.  Hence 
I  concluded  that  the  material,  like  the  shale  and  clay,  must  be  in  stiffi- 
cient  proportion  to  the  whole  that,  together  with  the  very  finely  disin- 
tegrated stone,  their  removal  will  leave  the  channel  in  its  present 
form ;  and  such  portions  are  mostly  carried  well  out  into  the  lake 
before  they  are  precipitated. 

J.  T.  Fai^ntng,  M.  Am.  Soc.  C.  E. — The  upper  INIississiijpi  River 
presents  an  interesting  example  of  the  erosion  of  a  river-bed  at  a  fall. 
There  is  a  gorge  excavated  by  the  Mississippi  Eiver  extending  from 
Lake  Pepin  about  50  miles  up  stream  to  St.  Anthony  Falls,  in  Minne- 
apolis. When  the  lumbermen  began  building  their  mills,  in  1855,  the 
falls  were  found  to  be  receding  rapidly.  The  bed  of  the  river  at  the 
falls  is  a  firm  limestone  about  12  ft.  in  thickness,  and  beneath  this 
limestone  is  the  soft  St.  Peter  sandstone.  The  fall  was  about  50  ft. 
in  height,  and  eroded  the  stone  below  and  undercut  its  limestone 
cap,  leaving  the  limestone  as  a  projecting  shelf.  The  weight  of  the 
water  at  the  fall  broke  off  this  projecting  shelf,  tisually  in  widths 
of  about  12  ft.,  when  the  process  of  undercutting  and  breaking  off 
would  be  repeated.  It  was  found  in  1856  that  the  falls  were  receding 
by  this  process  of  undercutting  and  breaking,  about  100  ft.  per  year. 
This  limestone  cap  becomes  thinner  as  it  extends  up  stream,  and 
about  1  500  ft.  from  the  crest  of  the  falls  it  disappears  entirely,  and 
the  bed  of  the  river  from  this  point  upAvards  a  considerable  distance  is 
the  soft  sandrock.  There  was  danger  that  the  limestone  would  be 
soon  cut  entirely  away,  when  the  falls  would  recede  at  a  much  more 
rapid  rate.  The  millers  and  citizeng  of  Minneapolis  made  a  desperate 
attempt  to  stop  this  undercutting  and  recession  of  the  falls,  and  the 
Government  finally  came  to  their  assistance  and  covered  the  falls  with 
a  sloping  timber  apron.  This  timber  apron  was  described  in  a  paper 
read  before  this  Society  by  Colonel  Farquhar,  a  member,  in  June,  1883. 

Chaeles  H.  Sxow,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — It  shoiild 
not  be  understood,  as  it  may  be  from  something  said  in  discussion, 
that  all  hard,  rock  resists  the  action  of  water  better  than  all  soft  rock. 
Water  acts  upon  rock  in  two  ways — mechanically  and  chemically.  In 
the  former,  hard  rock  may  resist  abrasion  better  than  soft.  In  the 
latter,  action  results  from  some  chemical  in  the  water,  as  carbonic 
acid,  or  else  from  some  substance  in  the  rock  which  will  oxidize  on 
contact  with  water,  as  iron  sulphide.  Chemical  action  is,  then,  inde- 
pendent of  hardness,  so  that  soft  rock  may  resist  its  influence  even 
better  than  hard.  The  action  of  water  on  hard  rock  is  sometimes  siir- 
prisingly  rapid.  Lyell  mentions  the  case  of  the  Simeto,  in  Sicily, 
which  had  been  dammed  by  lava  in  1600  and  which  by  1850  had  a  new 
channel,  in  parts  200  ft.  deep  and  40  to  50  broad.     In  the  same  connec- 
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tion,  I  recall  in  Oregon  a  mass  of  hard  volcanic  matter  500  or  600  ft. 
high,  a  face  of  which  had  been  eroded  down  to  much  below  the  origi- 
nal surface.  A  drift  for  mining  purposes  into  the  hill  immediately 
below  the  trap  encountered  trees  of  considerable  size,  portions  of 
which  were  hardly,  if  at  all,  altered  from  the  condition  in  which  they 
were  when  enveloped  by  the  lava  flow,  so  that  they  had  to  be  removed 
by  the  axe.  Yet  other  portions  of  the  same  trunks  were  perfectly 
salicified  and  could  be  removed  by  the  sledge  alone.  The  same  tree 
would  aiford  a  series  all  the  Avay  from  woody  fiber  to  wood  oj^al.  How 
long  it  took  for  the  500  or  600  ft.  of  lava  to  be  cut  through  I  had  no 
means  of  determining,  but  it  was  not  long  enough  for  the  trees  to 
have  become  entirely  salicified. 

A  result  noticed  for  the  first  time  at  Niagara  Falls  is  the  abrasion 
due  to  the  movement  of  the  air  currents  caused  by  cataracts.  It  is 
the  spray  sent  oflf  at  the  impact  of  the  water  and  further  propelled  by 
the  winds  that  excavated  the  cave  ixnder  the  falls. 

It  woiild  be  interesting  to  know  whether  the  gorge  further  Avidens 
by  the  side  action  of  the  current  as  it  flows  past — an  influence  to  which 
the  vertical  sides  of  canons  are  usually  due.  Also,  whether  the  rapids 
above  the  falls  are  caused  by  unevennesses  in  the  rock  texture,  harder 
rock  iiresenting  a  check  to  even  wear,  and  thereby  causing  ripples  or 
waves. 

The  question  has  arisen  as  to  whether  a  bar  exists  at  the  mouth  of 
the  river.  As  material  deposited  in  a  swift  current  is  sorted  by  the 
current,  the  only  matter  which  would  remain  influenced  by  the  cur- 
rent where  the  quiet  of  the  lake  is  encountered  would  be  small  parti- 
cles or  pebbles,  the  large  j^ieces  dropping  when  the  current  begins  first 
to  be  checked. 

Mr.  Schneider's  paper  on  the  cantilever  bridge  tells  us  that  the 
bridge  is  founded  on  siich  large  rocks  from  the  hard  upper  strata. 

Mr.  Buck  (by  letter). — In  reply  to  Mr.  Frizell's  discussion  regard- 
ing the  evidences  of  water  having  flowed  over  the  surface  of  the  rock 
at  the  sides  of  the  gorge,  it  will  be  noticed  that  at  various  distances 
back  from  the  brink  of  the  gorge  the  original  banks  of  the  river  still 
exist  generally  well  defined.  At  Suspension  Bridge  and  on  the  op- 
posite side  of  the  river  the  upper  surface  of  the  top  stratum  of  rock 
shows  abundant  evidence  of  the  water  having  flowed  over  it. 

In  reply  to  Mr.  Snow's  remarks  about  the  side  action  of  the  current 
in  the  gorge  below  the  falls,  there  is  no  appearance  of  erosion  from 
this  cause.  The  gorge  does  widen  after  the  falls  have  passed  onward. 
The  cutting,  or  rather  the  breaking  and  tearing  away,  caused  by  the 
falling  water,  leaves  the  gorge  much  narrower  than  it  afterwards  be- 
comes, and  with  nearly  vertical  or  even  overhanging  sides.  The  rock, 
being  of  a  nature  which  does  not  bear  exposure  to  the  atmosphere, 
continues  to  fall  off,  and  gradually  forms  the  slopes  of  debris  seen  on 


DISCUSSION   ON  THE   NIAGARA   GORGE.  213 

each  side.  This  action  is  especially  notable  each  season  of  the  year 
when  the  frost  is  thawing  out  of  the  banks. 

It  is  very  possible  that  a  fissure  may  have  existed  in  the  vicinity  of 
the  whirlpool,  and  for  a  long  time  I  was  disposed  to  that  view  of  it, 
from  the  fact  that  the  form  of  the  gorge  at  that  point  would  suggest  a 
three-way  fissure,  and  that  the  conditions  indicated  a  very  much  more 
rapid  action  from  the  whirlpool  to  a  ijoint  above  the  railroad  susjDen- 
sion  bridge  than  now  exists.  A  closer  examination  of  the  formation 
existing  iinder  the  bridge  satisfied  me  that,  at  least,  the  fissure  theory- 
was  not  necessary  to  prove  rapid  cutting,  as  it  is  much  less  fitted  to 
withstand  the  action  of  the  falling  water  than  the  portion  nearer  the 
present  falls.  Moreover,  a  fissure  of  large  dimensions  is  generally 
due  to  an  upheaval,  causing  the  strata  to  dip  each  way  from  the  fissure. 
So  far  as  I  have  been  able  to  discover,  they  do  not  so  dip.  At  Sus- 
pension Bridge  there  is  a  slight  dip,  but  it  is  in  the  same  direction  on 
both  sides  of  the  river,  viz.,  easterly,  and  the  dip  appears  to  have  been 
continuoiis  across  where  the  gorge  now  exists. 

Finally,  when  any  geologist  advances  the  theory  that  Niagara  Falls 
have  been  employed  100  000  years  in  cutting  the  present  gorge,  it  is 
safe  to  say  that  either  he  has  never  examined  the  formation  closely,  or 
that  he  has  no  conception  of  the  prodigious  effect  of  such  a  vast  body 
of  water  falling  IGO  ft.  One  joassage  through  the  Cave  of  the  Winds, 
where  it  needs  a  strong  man  to  withstand  the  air-pressure  caused  by  a 
comjDaratively  thin  stream  of  water,  will  give  one  some  idea  of  what 
it  must  be  behind  the  Horseshoe  Fall,  where  the  sheet  of  water  is  about 
30  ft.  thick,  if  not  even  more  than  that.  The  motion  of  the  air  alone 
would  be  very  destructive,  and  when  laden  with  water  is  still  greater. 
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THE   PULP   MILL   OF  THE   CLIFF    PAPER    COM- 
PANY OF  NIAGARA  FALLS,  N.  Y. 


By  WAiiiiACE  C.  Johnson,  M.  Am.  Soc.  C.  E. 
Eead  at  the  Annuax,  Convention,  June,  1894. 


WITH  DISCUSSION. 

Previous  to  the  completion  of  the  tunnel  and  canal  of  the  Niagara 
Power  Company,  the  only  water  power  available  at  Niagara  Falls  was 
that  furnished  by  the  Niagara  Falls  Hydraulic  Power  and  Manufactur- 
ing Company. 

The  water  used  by  this  company  is  drawn  from  the  river  at  a  point 
above  the  head  of  the  rapids  about  a  mile  above  the  falls,  and  conveyed 
through  the  city  to  a  j)oint  about  one-half  mile  below  the  falls  by  a  canal 
4  400  ft.  long.  The  canal  discharges  into  a  basin  running  nearly 
parallel  with  the  edge  of  the  high  bank  and  about  350  ft.  from  it. 
From  this  basin  water  is  drawn  to  supply  about  10  000  H.  P.  to  the 
various  mills  shown  in  Fig.  1. 

The  universal  method  of  using  this  water,  previous  to  the  construc- 
tion of  the  plant  under  consideration,  had  been  to  sink  a  shaft  at  some 
point  between  the  basin  and  the  edge  of  the  high  bank  to  a  depth  of 
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from  50  to  100  ft. ,  to  place  in  the  bottom  of  this  shaft  vertical  turbine 
wheels,  and  discharge  the  water  from  the  bottom  of  the  pits  upon  the 
face  of  the  bank,  as  shown  in  Plate  XXVIII,  which  is  from  a  photo- 
graph of  the  bank,  showing  the  mills  and  the  water  discharged  from 
the  various  pits. 

The  reason  for  this  wasteful  use  of  the  water  lay  in  the  fact  that 
at  the  time  these  various  mill  sites  were  sold,  the  power  company  did 
not  own  the  slojiing  bank.  The  original  deeds  to  the  builders  of  the 
canal  only  conveyed  the  title  to  the  land  to  the  edge  of  the  high  bank 
and  granted  the  right  to  excavate  to  a  depth  of  100  ft.  and  discharge 
the  tail-water  over  the  sloping  bank  to  the  river. 

To  all  of  the  mills  fronting  on  the  hydraulic  basin  north  of  the 
water  works,  shown  on  Fig.  1,  the  right  to  draw  water  from  the  basin 
had  been  sold  or  leased. 

In  1881  the  Niagara  Falls  Hydraulic  Power  and  Manufacturing 
Company  sunk  a  shaft  for  a  wheel  pit  at  the  point  A  (Fig.  1),  20  x  40 
ft.,  and  about  80  ft.  deep,  and  drove  a  tunnel  from  the  bottom  of  the 
shaft  to  the  face  of  the  bank  for  the  discharge  of  the  tail- water. 

Three  turbine  wheels  have  been  placed  in  the  bottom  of  this  shaft 
capable  of  developing  about  1  700  H.  P.  From  these  wheels  power  is 
delivered  into  the  factories  of  the  Cliflf  Paper  Mill  above  the  bank,  the 
Oneida  Community,  Limited,  and  all  the  mills  fronting  on  Main  Street, 
as  shown  in  Fig.  1.  This  pit,  wheels  and  turbines  are  shown  in 
section  on  Fig.  2. 

Until  within  the  past  year  all  the  water  discharged  by  these  wheels 
was  poured  out  from  the  mouth  of  the  tunnel  at  an  elevation  of  about 
125  ft.  above  the  water  in  the  lower  river. 

The  writer  entered  the  service  of  the  Niagara  Falls  Hydraulic  Power 
and  Manufacturing  Company,  as  engineer,  in  1886,  and  soon  after  that 
time  the  company  acquired  the  lands  on  the  sloping  bank  between  the 
face  of  the  clift"  and  the  water  of  the  lower  river,  giving  it  the  right  tO' 
utilize  the  full  available  head  of  about  215  ft. 

The  company  owns  a  strip  of  land  100  ft.  wide  from  Port  Bay,  the 
point  where  the  water  is  taken  into  the  canal  through  the  city  to  their 
lands  where  the  mills  are  located.  The  canal,  as  originally  excavated 
in  this  strip,  was  only  about  35  ft.  wide  and  8  ft.  deep.  The  capacity 
of  this  canal  was  about  13  000  H.  P.  if  used  under  the  full  head  of  210 
ft.      As  the  wheels  had  been  put  in,   only   about  6  000   H.P.   were 
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obtaiaecl  from  the  full  capacity  of  the  canal.  This  was  all  used  by  the 
various  mills  shown  on  Fig.  1. 

In  1892  the  company  commenced  the  enlargement  of  its  canal  by 
excavating  an  additional  35  ft.  in  width  to  a  dei)th  of  14  ft.  This 
enlargement,  which  is  now  practically  completed,  gives  a  total  capacity 
of  upwards  of  50  000  H.  P. 

In  the  spring  of  1892,  the  Cliflf  Paper  Company  became  desirous  of 
increasing  their  plant  by  adding  a  wood  pulp  mill,  to  use  about  2  500 
H.P.  They  leased  sufficient  water  from  the  Niagara  Falls  Hydraulic 
Power  and  Manufacturing  Company,  and,  not  desiring  to  wait  for  the 
enlargement  of  the  canal  to  be  completed,  they  agreed  to  take  it  from 
the  tunnel  through  which  water  was  discharged  from  their  pit,  and 
the  writer  was  called  upon  to  design  the  jilant. 

For  the  j^urpose  of  getting  the  machinery  requiring  the  largest 
power  near  to  the  wheels,  it  was  decided  to  build  a  mill  on  the  lower 
bank  near  the  water's  edge,  and  to  place  the  jjulp-making  machinery 
in  it,  jsreparing  the  wood  on  the  top  of  the  bank,  lowering  it  down 
ready  for  grinding  and  elevating  the  product. 

The  general  design  and  working  of  the  plant  is  shown  in  Plate 
XXIX.  In  the  room  A  is  placed  the  machinery  for  sawing  the  wood  to 
the  proper  length  and  removing  the  bark.  The  logs  thus  prepared  are 
placed  upon  a  chain  conveyor  at  the  point  B,  carried  down  the  incline 
into  the  grinding-room  floor,  in  the  mill  below.  The  wood  is  ground 
on  this  floor  and  mixed  with  water  and  flows  into  a  tank  in  the  base- 
ment ;  from  this  point  it  is  elevated  by  pumps  to  a  tank  in  the  roof, 
and  flows  from  it  on  to  the  wet  machines,  where  jjart  of  the  water  is 
removed,  leaving  it  in  the  form  of  a  wet,  paper-like  substance;  from  the 
wet  machine  it  drojjs  on  to  another  conyeyor  (C,  Plates  XXX  and  XXXI) 
and  is  carried  to  the  returning  side  of  the  same  conveyor  which  brought 
down  the  wood,  then  carried  up  the  incline  to  the  second  story  of  the 
mill  above  the  bank,  where  it  is  dropped  on  to  the  belt  conveyor  C,  and 
from  there  to  another,  D,  running  at  right  angles  with  the  direction  of 
the  flrst  conveyors,  which  carries  it  to  the  beating  engines. 

To  divert  the  stream  of  water  flowing  through  the  tunnel  {E,  Fig. 
2),  and  confine  it  for  use  in  the  new  mill,  a  short  tunnel  {F,  Fig.  2) 
was  driven  into  the  face  of  the  bank  at  a  point  about  20  ft.  below  and 
12  ft.  to  the  left  of  the  mouth  of  the  old  tunnel.  The  relative  jaosition 
of  the  two  openings  into  the  face  of  the  bank  is  well  shown  on  Plate 
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XXXII,  "which  is  from  a  photograph  taken  during  constriietiou.  The 
plan  of  the  tunnel  and  its  connection  with  the  old  tunnel  is  shown  on 
Plate  XXXni. 

From  the  mouth  of  the  new  tunnel,  an  iron  pipe  8  ft.  in  diameter 
(C,  Fig.  2),  was  laid  along  the  slope  of  the  bank  connecting  with 
the  tube  G  (Fig.  2),  10  ft.  in  diameter,  in  the  basement  of  the  lower 
mill.  From  this  tube  the  water  is  brought  to  the  wheels  on  the  fii'st 
floor.  Provision  is  made  for  the  discharge  of  water  into  the  tunnel 
direct  from  the  canal  in  case  the  discharge  from  the  wheels  does  not 
furnish  a  suflicient  supply. 

Owing  to  the  contracted  channel  of  the  rivei-  below  the  mill  there 
is  an  extreme  fluctuation  in  the  water  below  of  about  30  ft.  and  it  is 
liable  to  sudden  changes.  On  this  account  the  first  floor,  on  which  the 
wheels  are  placed,  is  set  about  16  ft.  above  the  ordinary  level  of  the 
water  in  the  river,  which  is  above  the  highest  recorded  rise,  the  remain- 
ing jjart  of  the  head  being  obtained  by  the  use  of  draft  tubes. 

Work  was  commenced  on  this  plant  about  May  1st,  1892.  The  fii'st 
thing  done  was  to  trim  off  all  of  the  rock  on  the  face  of  the  bank 
which  aiDpeared  to  be  in  danger  of  falling.  Then  a  notch  was  exca- 
vated in  the  bank  12  ft.  wide  and  to  the  depth  of  the  dotted  Line 
Plate  XXIXj,  and  the  tunnel  was  driven  and  the  gate  put  in  at  its  head. 

During  the  time  that  the  work  was  in  jjrogress  the  flow  from  the 
(old  tunnel^  amounting  to  about  130  cu.  ft.  i^er  second,  could  be  stopped 
only  on  Sundays.  This  water  was  carried  jsast  the  o^jening  in  a 
temi^orary  flume,  which  it  was  afterward  found  necessary  to  extend 
down  the  slojie  of  the  bank  for  about  120  ft.  (as  shown  on  Plate  XXXII) 
to  get  rid  of  the  spray  caused  by  the  water  tumbling  down  over  the 
slojje,  which  interfered  with  the  work  on  the  mill  below. 

The  opening  into  the  old  tunnel  is  closed  by  a  gate  and  protected 
by  a  rack  shown  in  detaO  on  Fig  3.  The  gate  is  operated  by  extend- 
ing the  shaft  A  along  the  roof  of  the  tunnel  to  a  hand  wheel,  near  the 
point  B  (Fig.  2).  The  rock  taken  out  from  the  tunnel  and  the 
notch  in  the  bank  was  thrown  down  upon  the  slope  on  \.o\y  of  the 
debris  which  had  been  accumulating  there  for  ages. 

The  next  step  was  to  clear  the  site  for  the  building  and  to  remove 
the  loose  material  which  might  slide  down.  As  the  broken  and  disin- 
tegrated rock  which  had  fallen  from  the  clifi"  at  various  times  lay  at 
the  "  angle  of  repose,"  this  clearing  amounted  practically  to  removing 


220 


JOHNSON   ON   PULP   MILL   AT  NIAGARA   FALLS. 


PUTE  XXX. 

TRANS.  AM.  SOC.  CIV.  ENGRS. 

VOL.  XXXII,  No.  728. 

JOHNSON  ON  PULP  MILL  AT  NIAGARA  FALLS. 


JOHNSON   OX    PULP   MILL    AT    NIAGARA    FALLS.  "221 

all  the  loose  material  from  a  strip  about  100  ft.  -n-ide.  ninning  from 
tlie  face  of  the  clifl'  to  the  water.  From  the  face  of  the  cliff  to  a 
point  about  80  ft.  back  from  the  -water's  edge,  solid  rook  was  found 
under  about  5  or  6  ft.  of  loose  material,  and  running  down  at  practi- 
cally the  same  slope  as  that  on  which  the  penstock  pipe  was  laid  and  the 
incline  building  was  built.  At  this  point,  80  ft.  back  from  the  water's 
edge,  the  rock  makes  a  vertical  descent  for  about  70  ft.  to  a  practically 
level  bed  of  red  sandstone  at  about  the  water's  level.  On  top  of  this 
sandstone,  to  which  it  was  determined  to  go  for  a  foundation,  over  the 
entire  mill  site  and  about  40  ft.  back  from  it.  was  loose  material,  vary- 
ing from  about  20  ft.  deep,  near  the  water's  edge,  to  about  70  ft.  deep 
at  the  back  side. 

This  bed  of  loose  material,  which  it  was  found  necessary  to  remove^ 
was  composed  of  small  stones,  earth,  large  boulders  and  buried  trees 
well  soaked  with  water  and  ready  to  slide  upon  being  disturbed.  The 
walls  were  constriicted  of  stone  quarried  from  the  large  limestone 
rocks  which  had  fallen  from  the  cliff  and  lay  upon  the  site.  As  there 
was  no  room  for  storing  material,  it  was  found  necessary  to  get  down 
to  the  foundation  at  an  end  of  the  building  and  start  the  walls  as 
quickly  as  possible.  The  necessity  for  doing  this  interfered  somewhat 
with  the  speed  of  the  work  of  excavating  and  increased  the  danger 
from  sliding;  but,  notwithstanding  this,  the  site  was  cleared  and  the 
walls  erected  in  about  three  months,  without  serious  injury  to  any 
one  connected  %A"ith  the  work. 

Near  the  center  of  the  building  a  trench  for  the  wheel  pit  was 
excavated  into  the  solid  sandstone,  14;  ft.  wide  and  6  ft.  deep,  from 
the  clifl'  side  of  the  mill  to  the  water.  This  cut  is  seen  in  section  on 
Plate  XXX  and  Fig.  4.  Across  this  opening  the  wall  on  the  river  side 
of  the  mill  was  carried  by  a  stone  arch.  About  15  ft.  oiitside  the  build- 
ing on  the  river  side  a  wall  was  biiilt  across  this  cut  6  ft.  in  height,  to 
form  a  seal  for  the  draft  tubes. 

As  soon  as  the  foundation  was  sufficiently  built,  the  10-ft.  tube 
running  lengthwise  of  the  building  across  the  wheel  pit,  as  shown  in 
Plate  XXX.  was  placed  in  position,  and  the  construction  of  the8-ft.  pipe 
leading  from  it  to  the  tunnel  was  commenced.  The  10-ft.  tube  and 
the  lower  50  ft.  of  the  8-ft.  tube  were  constructed  of  boiler  steel  f  in.  in 
thickness,  and  all  longitudinal  seams  were  double  riveted.  The  heads 
of  the  10-ft.  tube  were  constructed  of  the  same  material,  strengthened 


223  JOHNSON"   ON   PULP  MILL   AT   NIAGARA   FALLS. 


PLATE  XXXII. 

TRANS.   AM.  SOC.   CIV.    ENQRS. 

VOL.  XXXII,   No.  728. 

JOHNSON  ON   PULP  MILL  AT   NIAGARA  FALLS. 


PLATE  XXXI. 

TRANS.  AM.  SOC.  CIV.  ENQRS. 

VOL.  XXXII,  No.  728. 

JOHNSON  ON  PULP  MILL  AT  NIAGARA  FALLS. 


3  --'V-  -  -y- 


PLATE  XXXI. 

TRANS.  AM.  SOC.  CIV.  ENQRS. 

VOL.  XXXII,  No.  728. 

JOHNSON  ON  PULP  MILL  AT  NIAGARA  FALLS. 


JOHNSON   ON    PULP   MILL   AT   NIAGARA   FALLS.  223 

by  a  -wooden  frame  on  the  outside,  tlirongli  which  four  rods  IJ  iiis. 
in  diameter  were  passed  from  end  to  end  of  the  tube  and  gathered 
together  in  a  bunch  at  the  center,  as  shown  in  Plate  XXX.  The  upper 
portion  of  the  8-ft.  txibe  was  constructed  of  t^-in.  boiler  steel,  single 
riveted.  This  tube  was  made  in  sections  aboiit  15  ft.  in  length  at  the 
shops  and  lowered  down  and  set  in  place,  and  the  connecting  seams 
riveted  on  the  site. 

For  the  handling  of  this  and  other  materials  a  steam  derrick  with 
a  75-ft.  boom  was  erected  on  top  of  the  bank,  shown  in  Plate  XXXIL 
Materials  were  lifted  from  the  ground  near  the  edge  of  the  bank, 
the  boom  swung  around  square  with  it,  the  load  lowered  on  to 
the  inclined  skidwav  below,  and,  still  held  by  the  derrick,  were  slid 
down  to  the  level  of  the  mill,  where  they  were  picked  up  by  another 
derrick  and  swung  into  place. 

The  mill  was  closed  in  and  the  tubes  placed  in  i^osition,  so  that  the 
interior  work  on  the  mill  was  carried  on  during  the  winter.  The  con- 
struction of  the  incline  was  delayed  somewhat  on  account  of  the 
severity  of  the  weather. 

The  interior  arrangement  of  the  mill  is  shown  on  Plates  XXX  and 
XXXI.  It  is  two  stories  high  above  the  basement,  and  the  inside  dimen- 
sions are  40  x  88  ft.  The  walls  are  built  of  stone  quai-ried  on  the  site  as 
before  described,  laid  in  Union  cement  mortar.  The  basement  walls 
are  7  ft.  thick  at  the  base,  battered  on  the  outside  to  3  ft.  at  the  level  of 
the  first  floor  to  resist  the  pressure  of  the  loose  material  outside. 
Above  the  first  floor  they  are  2  ft.  thick. 

The  roof  and  second  floor  are  supported  by  steel  trusses  calculated 
to  supj)ort  a  load  of  40  lbs.  per  square  foot  on  the  roof  and  200  lbs.  on 
the  floor. 

All  the  machines  on  the  fijst  or  gi-inding-room  floor  are  supported 
on  independent  stone  foundations  built  iij)  from  the  solid  rock. 

This  mill  is  connected  with  the  buildings  on  the  top  of  the  bank  by 
a  building  10  ft.  wide  on  the  inside  and  26  ft.  high,  constructed  along 
the  slope  of  the  bank  to  the  face  of  the  cliff",  and  from  there  through 
the  notch  blasted  out  to  receive  it  to  the  mill  above. 

Three  feet  in  width  of  this  inclined  building  is  occupied  by  the 
conveyor  for  handling  the  wood  and  the  pulp  before  described  and 
shown  at  A  (Plates  XXX  and  XXXI) .  Directly  over  the  conveyor  are  the 
stairs  B,  and  underneath  is  a  line  of  6-in.  pipe  bringing  water  directly 
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from  tlie  "basin  for  supplyiBg  j)ressure  to  the  gi-inders  aud  for  fire 
protection. 

The  balance  of  the  room  in  this  building  is  occupied  by  tracks  on 
-which  a  car  for  transporting  men  and  materials  is  run.  It  consists 
of  a  framework  of  iron,  built  up  high  in  front,  so  as  to  bring  the 
floor  level,  aud  it  is  operated  on  the  water-balance  principle.  On  the 
outer  pair  of  rails  (Plate  XXX)  runs  the  car  proper,  and  on  the  inner  pair 
a.  tank  car  which  is  filled  with  water  at  the  top,  to  draw  the  car  up,  and 
which  is  automaticallv  emptied  at  the  bottom.  The  car  is  also  i^rovided 
Avith  a  small  tank,  to  be  filled  with  water  in  case  the  load  going  down  is 
light.  The  two  cars  are  connected  by  three  l-in.  steel  wire  cables  passing 
around  dnims  at  the  top  and  controlled  by  brakes.  At  a  point  a  little 
below  the  center,  the  inner  track  is  dropped  to  a  lower  level,  to  permit 
the  tank  car  to  pass  underneath. 

The  wheels  are  horizontal  turbines,  supported  on  steel  I  beams 
spanning  thellj-ft.  wheel  pit,  and  are  set  so  that  the  center  line  of  the 
shaft  is  1  ft.  above  the  floor.  On  each  side  of  the  wheel  are  two  Mills 
pulp  grinders,  of  the  ordinary  form,  the  shafts  carrying  the  stones  be- 
ing coupled  directly  to  the  wheel  shaft.  All  couplings  are  made  with 
a  plate  between  the  faces,  so  that,  in  case  of  rejiairs  being  needed  to 
any  grinder,  the  bolts  to  the  coupling  between  it  and  the  wheel  can  be 
taken  out  and  the  plate  removed,  leaving  the  wheel  to  drive  the  others 
on  the  line  so  that  an  accident  to  one  grinder  will  in  no  event  stop 
more  than  two  of  the  eight  grinders  in  the  mill. 

On  the  right  of  the  water  wheel  (Plate  XXX)  is  a  pulley,  from  which 
a  belt  drives  the  shaft  hung  on  the  bottom  chord  of  the  roof  truss  in 
the  second  floor,  from  which  the  pumjss  and  wet  machines  are  driven. 

On  account  of  the  great  expense  involved  in  building,  and  the  appa- 
ratus for  measuring  the  large  amount  of  power  which  would  be  devel- 
oped by  these  wheelSj  the  specifications  were  drawn  calling  for  a  wheel, 
horizontal  in  form,  to  run  at  a  speed  of  225  revolutions  per  minute 
under  a  head  of  125  ft.,  aud  to  develop  sufficient  power  to  grind  12^ 
tons  of  wood  pulp,  dry  weight,  per  day  of  24  hours,  on  four  Mills 
grinders,  using  24-in.  wood,  and  to  use  not  more  than  7^  cu.  ft.  of 
water  per  second  per  ton  of  pulp  per  day.  It  was  intended  by  these 
specifications  to  require  an  efficiency  of  about  75  per  cent.  Certain 
other  requii-ements  were  added  as  to  strength  of  i^arts,  the  whole  design 
to  be  subject  to  the  approval  of  the  engineer. 
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Under  these  specifications  a  contract  for  the  construction  of  one 
wheel  was  let  to  James  Leflfel  &  Company,  of  Springfield,  O.,  with  the 
option  of  taking  a  second  wheel  if  the  first  j)roved  satisfactory. 

The  wheels  were  designed  by  Mr.  A.  F.  Sparks,  engineer  for  James 
Leflfel  &  Company. 

The  wheel  runners  are  66  ins.  in  diameter.  The  bucket  rings  A 
(Fig.  5)  are  made  of  a  si^ecial  quality  of  bronze.  These  rings  are 
fitted  to  a  heavy  cast-iron  center  B  (Fig.  5)  with  steel  bolts; 
each  ring  supplied  with  24  buckets,  with  the  discharge  opposite 
each  other.  The  wheel  runner  is  fitted  substantially  with  keys  to  the 
wheel  shaft,  which  is  made  of  hammered  wrought  iron,  finished 
diameter  through  bearings  6i  ins. ,  with  a  total  length  from  center  to 
center  of  coujjlings  of  17  ft.  In  order  to  prevent  the  wheel  shaft 
from  shifting  endwise,  suitable  adjustable  collar  bearings  are  located 
on  it,  immediately  on  the  inside  of  the  elbow  A  (Fig.  4). 

Surrounding  the  outside  of  the  wheel  runner  are  wheel  cylinders, 
supplied  with  20  gates  C  (Fig.  5).  These  gates  are  made  of  cast 
steel,  and  designed  to  be  as  nearly  balanced  at  all  jjoints  of  the  gate 
opening  as  possible.  They  are  mounted  on  steel  gate  bolts  attached 
to  wheel  cylinders.  Each  gate  is  supplied  with  two  side-rack  arms 
which  arms  are  attached  loosely  to  the  two  side-rack  rings.  These 
rings  are  mounted  on  the  wheel  cylinders,  and  are  operated  simul- 
taneously by  the  movement  of  the  gate  shaft  connecting  to  them 
with  roller  rings  made  of  cast  steel.  The  gate  shaft  is  made  of  ham- 
mered wrought  iron,  passing  through  bronze  stuffing-boxes  in  the 
sides  of  the  cylindrical  case.  One  end  of  this  gate  shaft  is  operated 
by  a  suitable  lever,  with  bronze  nut,  steel  screw  and  hand  Avheel  for 
same,  carried  in  the  heavy  frame,  mounted  on  one  of  the  elbows. 

This  work  is  contained  in  a  cylindrical  case  10  ft.  diameter,  by  4  ft. 
wide.  The  heads  are  made  of  heavy  cast  iron,  with  f-in.  steel  shell 
solidly  riveted  to  them.  On  the  top  of  the  case  is  a  large  air  chamber  to 
assist  in  equalizing  any  irregularities  in  the  flow  of  the  water  to  the 
wheel.  This  air  chamber  is  supj^lied  with  an  au-  pump  and  glass  water 
gauge,  so  that  it  can  be  cleared  properly  and  filled  with  air  when  neces- 
sary.    The  case  is  also  fitted  with  manholes  and  plates. 

On  each  side  of  the  case  elbows  are  fitted,  which  are  made  of  cast 
iron,  being  split  through  the  center  and  bolted  together,  and  Avhere  the 
wheel  shaft  passes  through  the  elbows  are  stuflfing-boxes  with  bronze 
glands.     Each  elbow  is  fitted  with  manholes  and  plates. 
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On  the  discbarge  end  of  tlie  elbows  are  fitted  draft  tubes  -wbieh  are 
each  18  ft.  long,  made  of  i-in.  steel,  thoroughly  riveted  and  caulked 
throughout.  These  draft  tubes  are  substantially  anchored  to  the  foun- 
dation walls  to  prevent  breaks  or  leakage  by  any  movement.  The 
wheel  shafts,  after  passing  through  the  elbows,  are  carried  in  heavy 
flat  bearings,  each  24  ins.  long,  lined  with  anti-friction  metal,  bored 
to  fit  the  shaft,  and  supplied  with  ring  oiling  attachments,  with  large 
cajjacity  of  oil  chambers  at  each  end  and  on  bottom  sides  of  the  bear- 
ings. These  bearings  are  mounted  on  heavy  cast-iron  bridge  trees, 
and  are  supj^lied  with  suitable  bolts  and  adjusting  screws,  making  a 
distance  of  4  ft.  from  the  center  of  the  wheel  shaft  down  to  the  top  of 
the  steel  beams. 

The  work  is  mounted  on  four  heavy  20-in.  steel  beams,  of  suitable 
strength  and  proportion  for  spanning  the  foundation  walls,  which  are 
14  ft.  6  ins.  in  the  clear.  The  maximum  fiber  strain  in  the  beams,  due 
to  the  weight  of  the  wheel  and  case  when  filled  with  water,  was  fixed 
by  the  specifications  at  9  000  lbs.  These  beams  are  secured  to  the 
foundations  by  foundation  bolts  and  anchors.  Every  precaiition  was 
taken  in  the  selection  of  all  materials  for  these  wheels,  and  extra  care 
exercised  in  the  workmanship  throughout. 

By  this  design  of,  the  wheel,  the  water  is  brought  to  the  wheel 
riiuner  through  one  set  of  gates,  each  set  of  buckets  handling  one-half 
the  water,  discharging  opjjosite  and  parallel  with  the  wheel  shaft,  thixs 
preventing  any  heavy  or  undue  thrust  on  the  wheel  shafts. 

The  general  arrangement  is  such  that  when  necessary  an  examina- 
tion can  be  given  the  inside  of  the  cylindi'ical  case  containing  the 
wheel  case  and  the  operating  mechanism  for  it,  also  the  inside  of  the 
discharge  elbows  containing  the  collar  bearings,  shaft  and  the  dis- 
charge of  the  wheel  runner  buckets. 

The  first  wheel,  driving  four  grinders,  was  started  and  the  manu- 
facture of  pulp  commenced  March  13th,  1893,  and  has  run  144  hours 
per  week  since  that  date  without  any  stoppage  for  repairs  requiring 
more  than  a  few  hours. 

On  May  20th,  1893,  a  test  was  made  to  ascertain  whether  the  wheel 
came  up  to  the  requirements  of  the  specifications. 

The  wall  across  the  outlet  to  the  tail-race  was  built  with  a  view  to 
setting  a  sharp-edged  weir  on  it.  An  oak  timber  was  set  into  the  toj) 
inner  corner,  to  which  a  3-in.  oak  plank  with  the  top  edge  beveled  off 
on  the  outer  side  was  securelv  fastened  with  lag  screws. 
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Timbers  had  been  set  into  the  masonry  forming  the  sides  of  the 
tail-race,  and  a  space  about  8  ft.  above  and  below  the  weir  was  sheathed 
with  planed  and  matched  jsine  boards,  making  a  weir  without  end 
contractions.  Close  along  the  back  of  the  weir  1-in.  iron  pipe  was 
run,  jserforated  with  holes  to  admit  air  under  the  sheet. 

A  2-in.  iron  pipe  was  run  through  the  wall  leading  the  water  from 
a  j)oint  about  10-ft.  in  front  of  the  weir  to  a  tank  in  which  the  hook 
gauge  was  j^laced. 

The  i^enstock  pijse  was  tapped  at  a  i^oint  near  the  tunnel,  and  an 
iron  pipe  was  led  over  against  the  side  of  the  incline  building  and  up 
the  side  of  the  building  to  a  point  above  the  level  of  the  head  water, 
and  topj)ed  out  with  a  glass  tube  so  that  the  elevation  of  the  head 
water  could  be  read  off  a  gauge  graduated  to  feet  and  tenths  placed 
alongside  the  glass  tube.  The  elevation  of  the  zero  of  the  hook  gauge 
was  carefully  taken,  and  the  length  and  elevation  of  the  weir  were 
carefully  ascertained. 

The  experiment  was  continued  for  three  hours.  An  observer  was 
stationed  at  the  head  gauge  and  another  at  the  hook  gauge  and  simulta- 
neous readings  taken  every  five  minutes.  From  the  readings  of  the  two 
gauges,  the  head  acting  on  the  wheel  and  the  quantity  of  water  dis- 
charged were  calculated.  The  writer  observed  the  speed  of  the  wheels 
and  saw  that  the  weight  of  the  pulp  made  was  ascertained  and  re- 
corded. 

The  result  of  the  exijeriment  showed  that  2. 085  tons  of  pulp  were 
made  during  the  three  hours,  equal  to  16.678  tons  per  day.  The 
quantity  of  water  discharged  was  equal  to  109.338  cu.  ft.  per  second, 
reduced  to  a  head  of  125  ft.,  equal  to  6.558  cu.  ft.  per  second  per  ton 
of  pulp  per  day. 

When  the  result  of  this  test  was  rej)orted,  the  wheel  and  machinery 
for  the  balance  of  the  plant  were  at  once  ordered. 

The  second  wheel  was  started  December  15th,  and  has  been  run- 
ning since  and  doing  as  good  work  as  the  first. 

The  excavating  of  the  notch  for  the  incline  and  the  driving  of  the 
tunnel  was  done  by  contract.  The  balance  of  the  work  was  done  by 
day  labor,  under  the  immediate  charge  of  Mr.  C.  H.  Turver  as  super- 
intendent, and  much  credit  is  dne  to  him  for  good  workmanship  under 
many  difficulties. 

Plate  XXXIV  shows  the  mill  completed,  including  the  incline  and 
the  mills  on  top  of  the  bank. 
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DISCUSSION. 


Clemexs  Heeschel,  M.  Am.  Soe.  C.  E. — I  had  great  j^leasure  yes- 
terday in  reading  a  paper  by  two  young  engineers,  some  features  of 
■n-hich  were  similar  to  those  of  this  j^aper,  and  I  should  be  false  to  my 
sense  of  duty  if  I  did  not  say  something  about  the  paper  just  read. 
We  see  here,  as  we  did  in  that  of  yesterday,  what  I  feel  is  a  gratifying 
indication  of  the  habits  of  the  rising  school  of  engineers,  of  engineers 
who  go  about  testing,  and  putting  in  figures  the  results  of  their  work. 
I  do  not  know  that  I  ever  saw  before  the  product  of  a  mill  reduced  to 
the  number  of  ciibic  feet  that  were  expended  in  producing  it.  You 
■will  observe  the  sjaecitications  were  drawn  in  that  way.  Here  is  a  plan 
which,  taken  as  a  whole,  consists  of  a  great  many  parts,  a  mill  on  top 
of  the  bank,  another  below  the  bank,  water-wheels,  machinery  to  make 
jjulp,  etc. ;  but  the  object  of  the  whole  plant  and  all  its  exjienditure  is 
simjjly  to  make  pulp  for  pajjer,  and  the  thing  to  do  it  with  is  water  ; 
so  much  pulp  to  be  produced,  and  so  much  water  to  be  exjjended  in 
doing  it.  Those  were  the  specifications,  and  as  you  will  observe  from 
the  tests,  the  specifications  were  more  than  complied  with.  As  I  said 
before,  I  would  not  be  doing  right  if  I  did  not  express  my  own 
pleasure  in  the  paper  read,  and  I  trust  that  I  sjjeak  for  the  convention 
also. 

J.  T.  Fanning,  M.  Am.  Soc.  C.  E. — In  relation  to  this  method  of 
determining  the  amount  of  power  required  for  the  unit  of  product  of 
a  given  mill,  I  might  mention  that  we  have  made  measures  of  the 
water-jjower  at  some  of  the  Minneajjolis  mills  for  a  similar  jjurpose. 
For  instance,  I  jjlaced  a  weir  in  the  tail-race  of  the  Pillsbury  A  Mill, 
the  largest  flouring  mill  in  the  country,  and  recorded  the  flow  over  the 
weir  at  least  three  times  each  day  for  a  continuous  jieriod  of  six 
months.  I  had  also  the  record  of  the  daily  product  in  barrels  of 
flour  of  this  mill  for  the  same  period  of  time,  and  thus  had  the  in- 
formation of  the  mean  amount  of  power  and  the  quantity  of  water 
under  the  given  head  that  was  reqiaired  j^er  barrel  for  the  manufacture 
of  flour  in  that  mill. 

The  power  used  by  five  saw  mills  at  Minneapolis  was  measured  in 
a  similar  way  throughout  an  entire  sawing  season,  and  the  record 
made  of  the  daily  product  in  M  feet  of  lumber  of  each  mill. 

The  flouring  and  saw  mills  thus  became  meters  indicating  by  the 
amount  of  their  products  the  mean  quantities  of  power  and  mean 
quantities  of  water,  under  the  given  heads,  used  in  each  unit  of 
manufacture  of  their  j^roducts. 

W.  C.  JoHXSOX,  M.  Am.  Soc.  C.  E.  (by  letter). — In  line  with  the 
remarks  of  Mr.  Fanning  I  will  say  that,  as  engineer  for  the  Niagara 
Falls  Hydraulic  Power  and  Manufacturing  Company,  I  keejj  a  record 
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of  the  quantity  of  water  used  by  each  mill.  To  ascertain  this  quantity, 
I  make  use  of  the  wheel  as  a  meter.  Having  once  ascertained,  by 
means  of  weir  or  other  measurements,  the  discharge  of  the  wheel  at 
several  different  gate  oi^enings  and  under  a  known  head,  then  by 
taking  a  daily  record  of  the  gate  opening  and  the  head  acting  on  the 
wheel,  the  amount  of  water  used  can  be  readily  computed. 

With  this  end  in  view,  a  measurement  of  the  water  discharged  at 
different  openings  of  the  gate  by  the  wheel  last  jjut  in  was  recently 
made.  This  wheel  was  made  with  a  slightly  larger  gate  opening  than 
the  first  one.  The  discharge  reduced  to  a  head  of  125  ft.  was  found  to 
be  116.293  cu.  ft.  per  second  at  full  gate,  91.085  cu.  ft.  per  second  at 
three-quarter  gate,  57.306  cu.  ft.  per  second  at  one-half  gate,  25.272 
cu.  ft.  per  second  at  one-quarter  gate. 

Gauges  have  been  put  on  the  wheels  by  which  the  proportional 
gate-opening  can  be  read  to  hundredths,  and  other  gauges  by  which 
the  elevation  of  the  head  and  tail-water  can  be  read. 

This  furnishes  the  data  by  which  the  discharge  of  the  wheels  at 
any  opening  of  the  gate  and  at  any  head  may  be  calculated. 

A  daily  record  is  kept  of  the  quantity  of  water  used,  and  the  Cliflf 
Paper  Company  has  a  record  of  pulp  made  so  that  a  computation  of 
the  water  used,  as  compared  with  the  pulp  manufactured,  may  be 
made  at  anv  time. 
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REMOVAL    OF    ROCK    40    FT.    BELOW    SURFACE 
OF  WATER,  NORTH  RIVER,  N.  Y. 


By  John  A.  Bensel,  M.  Am.  Soc.  C.  E. 
Bead  at  the  ANNUAii  Convention,  June,  1894. 


WITH  DISCUSSION. 


The  work,  of  which  this  is  a  description,  consisted  in  the  removal 
of  about  2  000  cu.  yds.  of  rock  in  the  vicinity  of  Pier  No.  14  (new), 
N.  E. ,  by  the  Department  of  Docks,  City  of  New  York. 

The  work  was  necessitated  by  an  alteration  in  the  use  to  which  the 
pier  was  to  be  pxit.  The  pier  having  originally  been  built  and  com- 
pleted, with  the  dimensions  of  720  ft.  in  length  and  75  ft.  in  width,  and 
as  for  about  the  outer  one-third  of  the  length  of  this  pier  the  bed 
rock  rose  to  a  grade  at  its  highest  of  about  27  ft.  below  mean  low  Avater, 
and  there  being  little  or  no  mud  overlying  this  rock,  the  construction 
necessitated  the  placing  of  rip-rap  on  this  portion  of  the  pier  site. 

The  rip-rap  was  placed  to  a  grade  of  15  ft.  below  mean  low  water, 
except  at  the  sides  of  the  pier,  where  it  was  sloped  to  a  grade  of  20  ft. 
below  mean  low  water.  The  location  of  the  reefs  removed  is  shown 
on  Fig.  1. 
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This  pier  having  been  intended  to  be  used  for  railroad  purposes,  the 
mud  had  been  dredged  to  the  usual  depth  of  25  ft.  below  mean  low 
water  in  the  slips  north  and  south  of  the  pier.  After  the  pier  had 
been  completed,  however,  it  was  leased  to  the  new  American  Line 
Steamship  Company,  in  whose  fleet  are  the  steamships  Paris  and  New 
York,  and  these  ships  drawing  a  maximum  of  29  ft.,  it  became 
necessary  to  make  a  greater  depth  of  water  along  each  side  of  the  pier, 
the  pier  being  also  widened  by  the  addition  of  50  ft.  along  the  entire 
length  on  the  south  side. 

PLAN       SHOWING     LOCATION     OF    REEFS 
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The  American  Line  officials  requested  that  the  depth  be  made  35 
ft.  below  mean  low  water. 

The  relation  between  the  midship  section  of  the  steamships  Paris 
and  Heto  York,  with  their  greatest  draiight  and  the  lowest  recorded 
tide,  is  shown  in  Plate  XXXY. 

As  the  mean  rise  and  fall  of  the  tide  at  the  location  in  question  is 
about  5  ft. ,  the  operation  of  making  a  grade  of  35  ft.  below  mean  low 
water  necessitated  the  use  of  appliances  that  would  operate  and  do  this 
work  in  40  ft.  of  water,  and  also  accommodate  themselves  to  the  rise 
and  fall  of  the  tide  while  in  operation. 

Operations  were  commenced  under  contract  on  July  25th,  1892,  and 
were  completed  by  the  Department  of  Docks  on  Sei^tember  30th,  1893. 
During  this  entire  period  the  plant  used  by  the  Department  was  found 
efficient  during  all  kinds  of  weather,  even  in  sijite  of  the  North  River 
ice,  which  was  more  than  usually  heavy  during  the  winter  of  1892-93. 
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There  were  only  three  days  when  ice  absolutely  prevented  the  oontin- 
nance  of  operations. 

The  first  intention  as  regards  part  of  this  work  was  to  have  it  done 
by  contract;  and  the  reef  south  of  the  outer  end  of  the  pier  (see  Fig.  2), 
being  the  one  discovered  first,  was  let,  after  asking  for  prices,  to  E.  R. 
Lowe,  a  submarine  contractor  and  wrecker,  at  a  lump  sum  price  which 
amounted  to  about  S25  per  cubic  yard  of  rock  (measured  in  place). 
Work  was  commenced  under  this  contract  on  July  25th^  1892.  The 
l^lant  the  contractor  used  consisted  of  two  platforms  which  had  not 
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been  built  expi-essly  tor  this  piece  of  work,  but  had  been  used  pre- 
viously in  the  removal  of  rock,  to  a  dejith  of  1.5  ft.  below  low  water.  The 
platforms  were  built  with  loose  decks,  carried  on  3  x  10-in.  beams, 
sj^aced  about  3-ft.  centers,  and  were  in  size  about  18  x  20  ft.  "VMien 
floating  on  their  pontoons,  the  corners  of  the  platforms  overhung 
the  corners  of  the  pontoons,  and  at  each  were  boxes  braced  with 
knees  to  the  two  side  timbers  of  the  platforms.  Through  these  open 
boxes  passed  8  x  8-in.  yellow-pine  spuds  55  ft.  in  length,  forming  the 
standards  or  legs  of  the  platforms  when  they  were  in  position  and 
ready  for  work. 

These  platforms  were  floated  into  jjosition  on  pontoons  and  then 
the  spuds  were  dropped  through  the  boxes,  by  means  of  a  floating 
derrick.  After  the  spuds  had  been  thus  placed,  differential  pulleys 
were  fastened  to  the  tops  of  the  spuds  and  to  the  comers  of  the  plat- 
forms, and  by  means  of  these  pulleys  the  platforms  were  raised  from 
their  pontoons  which,  when  thus  cleared,  floated  from  beneath. 
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In  general,  tlie  platforms  were  located  about  3  ft.  above  liigli  water. 
It  will  thus  be  seen  that  when  located  over  the  low  portions  of  the 
reef,  they  stood  on  8  x  8-in.  legs,  over  40  ft.  in  length,  and  Avithout 
bracing  of  any  description.  It  was  found  that  the  platforms  shifted 
uj}  and  doAvn  stream,  according  to  the  flow  of  the  tide,  about  3^  ft. 
from  the  true  position  when  the  legs  were  vertical.  The  drills 
used  by  Lowe  were  of  the  largest  size  of  the  IngersoU  &  Hand  make, 
and  were  the  same  in  size  as  those  afterwards  used  by  the  Department. 
No  uniform  size  of  drill  bar  was  used,  as  all  the  material  was  old 
stock,  their  size  varying  from  2  to  3  ins.  in  diameter.  All  the  drills 
were  turned  down  so  that  they  fitted  into  IJ  ins.  diameter  standard 
chucks. 

In  almost  every  case  the  required  length  of  drill  was  made  up  of  three 
or  four  separate  pieces  connected  together  by  double-ended  chucks. 
In  order  to  drill  a  hole  deeper  than  the  feed  of  the  drill,  namely,  3^  ft., 
it  was  necessary  to  lengthen  the  drill  bar.  This  was  sometimes  done 
by  means  of  the  diver,  but  more  often  by  replacing  the  whole  extent 
of  the  drill  bar  by  means  of  the  derrick.  This  was  a  cumbersome  and 
dangerous  operation,  especially  in  windy  weather,  when  there  was 
considerable  swell  on  the  exposed  side  of  the  pier.  Operations  were 
only  just  commenced  when  the  first  platform  was  wrecked,  the  swell 
from  a  passing  steamer  having  overturned  it. 

The  outfit  at  the  commencement  of  operations  consisted  of  one 
diver,  one  foreman,  two  blacksmiths  and  five  deck  hands,  besides  E. 
R.  Lowe  himself.  While  the  drills  were  in  operation,  with  the  force 
enumerated,  the  drilling  of  the  holes  averaged  about  13i  lin.  ft.  per 
day  Avith  one  drill  at  work. 

All  the  drilling  was  done  without  any  particular  system,  and  no 
l^lans  were  kept  of  the  location  or  the  depth  of  the  holes  drilled,  except 
by  the  Department  (see  Fig.  3). 

The  party  doing  this  work  made  an  effort  at  first  to  connect  the 
holes  drilled  and  charged  by  means  of  the  diver  on  the  bottom.  The 
efibrt  was  not  successful,  however,  and  three  days  were  wasted,  with- 
out any  result  except  the  losing  of  the  holes.  Afterwards  all  connec- 
tions between  the  wires  leading  to  the  holes  were  made  on  the  surface 
of  the  Avater.  When  blasts  were  fired,  powder  and  tools  which  were 
kept  on  the  floating  derricks  Avere  moved  about  100  ft.  away  from  the 
area  blasted.     Large  amounts  of  poAvder  were  used  in  the  first  opera- 
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tions  on  tliis  reef,  as  tlie  pier  not  liaving  been  widened  at  the  time  the 
work  of  blasting  was  going  on,  it  was  possible  to  use  much  more 
130wder  than  was  found  safe  in  later  operations  which  came  close 
to  the  widened  pier.  In  one  case  300  lbs.  of  Hecla  powder,  which 
is  said  to  contain  40^'^  of  nitro-glycei-ine,  were  fired  at  one  blast. 
A  ijerceptible  shock  was  felt  on  the  pier  200  ft.  away,  and  the  water 
was  thrown  about  40  ft.  in  the  air.  As  large  blasts  as  this  were  not 
allowed  again. 

After  the  platform  had  been  wrecked  for  the  second  time,  two  ])lat- 
forms  were  set  \\p  and  lashed  together,  and  an  effort  was  made  to  run 
four  drills  on  these  two  jslatforms  at  the  same  time.      After  a  trial. 
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however,  during  which  the  vibration  of  the  drills  very  nearly  wrecked 
the  platforms  again,  the  work  with  four  drills  was  discontinixed,  and 
afterwards  only  two,  and  for  a  very  short  time  three,  drills  were  oper- 
ated at  the  same  time.  The  two  i3latforms  lashed  together  collapsed 
suddenly,  on  a  Sunday,  when  no  work  was  being  done,  making  the 
third  collapse.  The  cause  of  this  accident  could  not  be  determined. 
Two  of  the  spuds  were  broken  in  this  accident,  and  over  six  days  were 
required  to  clear  up  the  wreck.  While  the  platforms  were  being 
repaired,  some  of  the  blasted  rock  was  removed  by  means  of  divers, 
about  85  cu.  yds.,  measured  on  the  scow,  being  removed,  with  a 
daily  average  of  3^  cu.  yds.,  the  force  employed  averaging  ten  men 
and  two  divers. 
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This  work  being  considered  too  slow,  the  small  dredge  Hussar  was 
placed  at  work  dredging  the  blasted  rock.  This  dredge  had  been 
built  expressly  for  the  recovery  of  the  supposed  sunken  treasure  that 
Avent  down  in  the  British  ship  Hussar,  in  Long  Island  Sound,  during 
the  period  of  the  Kevolution.  The  dredge  was  built  to  ojjerate  in 
very  deep  water,  and  was  said  to  have  dredged  successfully  in  water 
200  ft.  deep. 

The  bucket  of  the  dredge  had  a  capacity  of  about  2  cu.  yds. ,  and 
was  opened  and  closed  by  hydraulic  power,  a  small  rubber  hose  car- 
rying the  water  from  a  pump  on  the  scow  to  a  hydraulic  cylinder 
which  formed  part  of  the  bucket.  After  a  trial  this  dredge  was  found 
to  be  not  adapted  to  the  dredging  of  the  blasted  rock.  The  bucket 
being  light  and  also  being  without  poles,  and  more  or  less  top- 
heavy  on  account  of  the  heavy  cylinder  situated  near  the  top  and 
hinge  of  the  bucket,  caused  it  to  fall  over  after  it  struck  the  uneven 
blasted  rock  on  the  bottom. 

This  dredge  worked  continuously  from  November  7th  to  15th,  and 
in  that  period  excavated  and  removed  about  116  cu.  yds.,  scow 
measurement,  or  an  average  of  about  18  cu.  yds.  per  day.  After  this 
dredging  was  finished  drilling  and  blasting  wei-e  recommenced  and 
continued  to  December  28th,  1892,  when  the  work  was  abandoned  by 
the  contractor. 

In  all,  during  the  period  from  July  25th  to  December  28th,  164  holes 
were  drilled  (Fig.  3)  aggregating  about  1  050  lin.  ft.  of  3-in.  diameter 
hole. 

Rock  removed  by  divers 85  cu.  yds. 

dredge 116 

Total  removed  by  contractor  E.  K.  Lowe.   201       " 

All  the  powder  used  in  the  above  work  was  of  the  grade  known  as 
40  "o  Hecla.  All  holes  were  charged  with  this  powder  in  2^ -in.  diameter 
tin  tubes.  Efforts  were  made  to  drill  all  the  holes  3^  ft.  below  the  85- 
ft.  grade  required.  This,  however,  the  writer  does  not  think  was  done, 
except  in  a  few  cases.  Judging  from  the  result  of  subsequent  blasts 
made  by  the  Department,  it  is  his  opinion  that  a  large  amount  of  the 
powder  used  was  simply  jilaced  on  the  top  of  the  rock.  No  means 
were  taken  to  kee^j  an  accurate  location  plan  of  the  holes.     In  fact,  all 
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of  this  work  depended  on  the  intelligence  and  honesty  of  the  divers, 
and  the  men  employed  in  this  capacity  were  very  inefficient. 

At  the  time  just  before  this  work  was  abandoned,  Mr.  Lowe  informed 
the  writer  that  he  had  actually  spent  more  than  ^8  000,  which  was  more 
than  the  total  lump  sum  bid  for  the  work.  The  discouragements  con- 
sequent upon  the  failure  of  the  plant  that  was  used,  and  the  coming 
of  the  ice  season,  when  it  would  have  become  absolutely  impossible  to 
use  the  jilatforms,  led  to  his  abandonment  of  the  work. 

Dock  Department  Plant. — When  it  became  evident  that  the  work  of 
the  removal  of  the  reefs  around  Pier  No.  14  (new)  could  not  be  finished 
by  the  contractor  who  had  taken  the  work  on  one  reef,  the  Department 
took  the  matter  in  hand,  and  constructed  the  drill  float  (Plate  XXXVI) 
for  further  operations,  it  having  been  decided  to  remove  the  reef  on 
the  north  side  of  and  near  the  outer  end  of  the  pier,  and  the  one  lying 
south  of  and  close  to  the  inner  end  of  the  pier,  by  Dock  Department 
labor.  A  single-drill  float  had  previously  been  used  in  the  removal 
of  rock  to  a  grade  of  14  ft.  below  mean  low  water  on  the  East  River. 
The  governing  idea  in  the  construction  of  the  large  four-drill  float  was 
to  use  as  much  as  possible  the  class  of  material  which,  when  it  should 
be  taken  apart,  coiild  be  used  again  in  the  bulkhead  wall  construction. 
With  this  end  in  \'iew  12  x  12-in.  spruce  timber  was  used  in  the  con- 
struction of  the  float  itself.  This  timber  was  found  to  be  exceedingly 
buoyant,  and  from  actual  trial  the  buoyancy  of  1  cu.  ft.  was  found 
to  be  about  33  lbs.  After  the  operations  of  removing  the  rock  were 
completed  and  this  drill  float  was  taken  apart,  the  timber  was  not 
found  to  be  at  all  water-logged,  although  it  had  been  continually  im- 
mersed in  water  for  more  than  one  year.  The  dimensions  of  the  drill 
float  were  about  22  x  33^  ft.,  deck  measurement,  and  6  ft.  in  dejith. 
The  construction  of  this  float  will  be  readily  seen  in  Plate  XXXVI 
the  whole  apparatus  being  practically  floated  on  the  two  bottom  courses 
of  timber.  Four  drills  were  located  on  the  float,  operating  through 
well  holes,  each  of  the  drills  being  capable  of  drilling  a  hole  12  ft.  in 
depth  withovit  changing  the  drill  or  the  drill  bar.  The  drills  were 
raised  and  lowered  in  ways  by  two  men  operating  a  hand  winch. 
Two  Ingersoll  and  two  Rand  drills  were  used,  the  drills  being 
fastened  to  a  6-in.  cast-iron  column,  by  means  of  the  standard  mining 
attachments,  with  only  a  few  additions  to  enable  the  drill  to  be  kept 
in  a  vertical  position  without  turning.     In  drilling  a  hole  the  drills 


238 


BENSEL   ON    SUBMARINE    ROCK    EXCAVATION". 


aS 


were  fed  by  the  hand-feed  until  the  feed  was  run  out,  when  the  winches 
were  called  into  requisition,  the  drills  lowered,  the  hand-feed  raised, 
then  ojjerations  continued  as  before. 

It  was  thus  possible  with  this  machine  to  drill  the  holes  to  the 
required  dejith,  without  change  in  the  drill  or  drill  bar,  unless  for 
other  reasons  than  the  deepening  of  the  holes.  In  order  to  hold 
this  drill  float  steady  against  wave  action,  and  also  against  tidal  rise 
and  fall,  four  anchoi's  were 
used,  which  consisted  of 
ordinary  pile-driver  ham- 
mers, weighing  about  3  000 
lbs.  each.  The  drill  float 
was  accompanied  by  the 
standard  Dock  Depart- 
ment 12-ton  derrick,  con- 
taining two  40  H.P.  boilers, 
and  having  a  single  mast 
with  two  booms.  In  locat- 
ing the  drill  float,  the 
derrick  lifted  the  four  pile- 
driver  hammers,  the  ham- 
mers being  rigged  in  coup- 
lets, two  for  each  end 
of  the  float.  After  the 
hammers  were  clear  of  the 
bottom,  the  derrick  and 
float  alongside  were  floated 
into  the  desired  position 
over  the  reef,  and  the  ham- 
mers were  let  go  and  cast 
free  from  the  booms  of  the  pj^,  ^ 

derrick.  Other  lines  from  these  hammers,  or  anchors,  which  ran  over 
the  pulleys  at  the  corners  of  the  drill  float,  were  then  made  fast  to  the 
hand  winches,  and  the  whole  drill  float  hove  down  by  means  of  these 
winches,  until  the  deck  of  the  float  stood  about  1  ft.  or  18  ins.  above 
the  siirface  of  the  water.  Connections  now  being  made  from  the 
boilers  on  the  derrick  to  the  steam  rock  drills,  the  ojjeration  of  drill- 
ing could  commence  from  what  had  become  a  fairly  stable  structure.. 
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TMiere  these  operations  were  conducted,  and  during  the  period  of  time 
which  they  covered,  there  was  considerable  high  wind  and  a  large 
amount  of  ice,  the  waves  oftentimes  rising  to  a  height  of  over  3  ft. 
along  the  side  of  the  pier,  and  washing  over  the  deck  of  the  float.  At 
one  period,  about  the  latter  end  of  December,  this  drill  float  operated 
while  surrounded  entirely  by  ice  over  6  ins.  in  thickness.  Plate 
XXXVII  shows  the  drill  float  at  this  time. 

A  single-drill  float  was  used  entirely  on  the  reefs  south  of  the  inner 
end  of  the  pier,  and  on  the  one  south  of  the  outer  end  of  the  pier, 
Avhen  the  Department  finished  up  and  completed  the  work  which  had 
been  abandoned  by  the  contractor. 

The  drill  bars  used  by  the  Department  (Fig.  4)  consisted  of  two 
pieces  of  octagon  steel  Ij  ins.  in  diameter,  and  when  joined  together 
made  a  total  length  of  45  to  50  ft.  The  two  pieces  were  ordinarily  of 
about  equal  length,  one  piece,  the  extension  bar,  having  welded  at  one 
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end  the  ordinary  standard  drill  chucks,  and  the  other  end  being 
turned  so  as  to  fit  into  the  chuck  of  the  drill ;  the  lower  length  of  the 
drill  bar  formed  the  drill  proper,  one  end  being  fitted  into  the  chuck 
on  the  extension  bar,  and  the  other  end  being  upset  and  formed  into 
a  drill  point  with  a  diameter  of  3  ins. 

In  drilling  an  8-ft.  hole  the  diameter  of  the  drill  decreased  to  2^ 
Ins.,  and  sometimes,  in  esi)ecially  hard  rock,  to  2j  ins.,  diameter. 
Toward  the  close  of  the  work,  when  the  holes  in  the  chucks  had  be- 
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come  considerably  worn,  difficulty  was  found  in  making  the  connec- 
tions tight,  both  at  the  drill  and  at  the  end  of  the  extension  bar,  and 
had  the  work  gone  further,  a  more  jjositive  chuck,  not  depending  on 
the  friction  of  a  key,  would  have  been  made.  The  drills  were  operated 
with  a  steam  i)ressure  of  95  lbs.  per  square  inch  at  the  drill. 

The  locations  of  the  reefs  made  the  conduct  and  procedure  of  the 
work  different  on  each  of  the  various  areas.  On  the  reef  south  of  the 
inner  end  of  the  pier  (Fig.  5)  mud  formed  so  quickly  that  it  was  found 
impossible  to  clear  off'  with  the  pump  and  to  have  the  reef  remain 
clear  of  mud  long  enough  to  permit  the  drilling  of  any  number  of 
holes  before  blasting  them.  The  reef  north  of  the  outer  end  of  the 
pier,  however,  was  kept  entirely  free  from  mud  by  the  current,  and 
we  were  enabled  to  drill  about  half  the  area  of  the  reef  with  holes  be- 
fore commencing  the  operation  of  blasting.  On  the  reef  south  of  the 
outer  end  of  the  pier,  after  the  work  had  been  abandoned  by  the  con- 
tractor, the  Department  put  a  dredge  to  work  and  cleared  the  area  of 
all  the  loose  rock.  The  reef  was  then  found  to  be  in  the  condition 
shown  in  Fig.  6.     The  toj)  surface  of  the  rock  being  soft  and  seamy, 
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considerable  difficulty  was  found  in  dx'illing  holes  in  this  reef,  and  a 
large  portion  of  the  rock  was  removed  or  reduced  to  powder  by  sur- 
face blasting.  The  small  portion  of  this  reef  lying  inshore  of  the 
main  body  of  the  reef  on  the  south  side  of  the  pier  was  removed 
entirely  -by  surface  blasting,  only  a  small  dejsth  of  rock  having  to  be 
removed. 
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Pier  No.  14  was  widened  by  the  addition  of  a  50-ft.  strip  to  the 
southerly  side,  making  it,  as  it  now  exists,  125  ft.  in  width  instead 
of  7.5  ft..  as  formerly.  This  work  of  widening  had  been  carried  on 
during  the  time  the  contractor  had  been  operating  on  the  reef  south 
of  the  outer  end  of  the  i^ier,  and  at  the  time  that  the  Department 
commenced  operations  this  work  had  been  nearly  completed  and  a 
crib  .30  X  50  ft.  siink  at  the  extreme  outer  end  of  the  pier,  where  it 
was  impossible  to  drive  piles.  The  effects  of  the  surface  blasts  on 
this  crib   were  quite  remarkable.      At  one  time  a  blast  of  about  15 
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lbs.  of  gelatine,  located  about  15  ft.  south  of  the  crib  when  lired,  threw 
it  in  the  air  about  1  ft.  And  as  the  crib  was  located  on  a  rock  bottom 
which  shelved  out  shore,  each  tiring  of  a  surface  blast  threw  it 
further  out  in  the  stream.  Holes  were  drilled  in  the  rock  close  to  the 
outer  edge  of  the  crib  on  the  bottom,  aud  four  drill  bars  jjlaced  in 
the  holes,  bearing  against  its  outer  timber.  After  it  had  brought 
ujj  solidly  against  these  bars,  no  further  movement  was  made  by 
the  blasts. 

The  Department  diilled  53  holes  in  this  reef  (Fig.  7)  after  taking 
hold  of  the  work,  and,  in  addition,  by  the  use  of  a  considerable 
amount  of  powder  in  the  way  of  surface  blasts,  the  reef  was  removed 
by  the  dredge  to  the  condition  shown  in  Fig.  8,  and  then  the  re- 
mainder of  the  rock  taken  out  by  divers  and  the  use  of  surface  blasts. 

The  Department  commenced  the  operations  on  this  reef  on  March 
18th.  and  finished  the  work  on  October  26th,  1893. 
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On  examination  made  by  divers,  the  entire  area  of  tlie  reef  south  of 
the  inner  end  of  the  pier  was  found  to  be  covered  with  from  5  to  7  ft. 
of  mud,  soft  on  toj),  but  quite  firm  and  solid  for  the  bottom  3  ft., 
although  this  reef  had  been  dredged  to  the  solid  rock  only  about  a 
week  previous. 

Operations  were  commenced  on  this  reef  by  trying  to  clear  it  of 
mud,  a  10-in.  rotary  jjump  on  the  derrick  being  used.  As  an  experi- 
ment, a  trench  was  dug  about  20  ft.  iu  width,  running  from  east  to  west 
across  the  entire  extent  of  the  reef,  or  iip  to  aboiit  the  bottom  of  the 
rip-rap  slope  which  forms  part  of  the  bulkhead  wall  construction.  The 
pumjiing  of  this  trench  required  six  consecutive  days,  after  which  the 
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drilling  was  commenced  with  the  single  drill  float.  After  drilling  for 
aboxit  one  month,  during  which  time  76  holes  had  been  drilled,  and 
about  half  of  them  blasted,  it  was  found  that  the  mud  Avas  forming  so 
rapidly  that  there  was  danger  of  losing  those  holes  that  had  not  been 
blasted,  in  spite  of  the  fact  that  all  of  them  had  |-in.  iron  rods  in 
them  which  i)ro]ected  about  2  ft.  above  the  surface  of  the  rock. 

No  more  pumping  was  done  on  this  reef  before  the  drilling,  but  the 
holes  were  afterwards  drilled  through  the  mud,  and  the  only  pumping 
that  was  necessary  was  done  where  the  mud  had  become  so  deej)  as  to 
prevent  the  diver  loading  the  holes  that  had  been  previously  drilled. 

The  attempt  was  made  on  this  reef  to  charge  and  fire  the  holes  soon 
after  they  had  been  drilled,  and  not  to  have  any  large  number  of  them 
drilled  in  advance  of  the  blasting.     This  was  done  in  order  to  save  the 
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holes  and  to  save  time  in  finding  them  through  the  deep  mud.  But  it 
resiilted  in  the  loss  of  quite  a  number  of  them  bv  their  being  destroyed 
by  contiguous  blasts. 

Eack-a-rock  powder  was  first  used  on  this  reef,  the  charges  being 
placed  directly  in  the  holes  without  the  intervention  of  tin  tubes,  the 
holes  where  this  powder  was  used  being  situated  in  that  portion  of  the 
reef  that  was  fii-st  iJumjDed  clean. 

Difficulty  arose  in  the  use  of  this  powder,  however,  the  divers  claim- 
ing that  it  did  not  throw  out  the  rock,  and  quite  a  number  of  charges 
burning  without  exploding.  Where  this  occiu-red,  the  cartridges  con- 
taining the  exploders  either  jjartly  or  entirely  burned  and  the  remain- 
ing cartridges  or  sausages  had  to  Ik?  removed  by  the  diver. 
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Fig.  9. 

After  420  lbs.  of  this  powder  had  been  used,  the  use  of  nitro-glycer- 
ine  powder  was  commenced.  That  known  as  forcite  powder,  contain- 
ing, it  is  stated  by  the  maker.  60%'  nitro-glycerine  and  40^^^  of  a 
patented  mixture  of  wood  pulp,  gun  cotton  and  nitrate  of  soda,  was  the 
first  used.  The  burning  of  the  powder  in  the  hole  occurred  afterwards 
with  the  forcite  powder,  but  it  was  traced  to  the  use  of  poor  explod- 
ers that  had  been  bought  in  haste  and  had  probably  been  kejDt  in  stock 
some  time. 

After  using  a  small  quantity  of  this  60%  forcite  powder,  what  is 
known  as  forcite  gelatine  was  used,  and  nearly  the  entire  remaining 
work  done  by  the  Department  was  with  this    powder.     Gelatine  is 
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claimed  to  contain  95%  of  uitro-glycerine  and  5%  of  gnu  cotton  and 
some  other  absorbent.  It  was  claimed  to  be  extra  safe  on  account 
of  the  difficulty  of  exploding  it,  the  makers  claiming  that  this  diffi- 
culty was  so  great  that  the  exploders  should  always  be  placed  in  a 
cartridge  of  the  lower  grades,  say,  40  or  60°^  powder.  There  was  no 
difficulty,  however,  Avhen  a  double-strength  exploder  was  i^laced  in  the 
gelatine  itself.  In  the  use  of  this  jiowder,  however,  it  was  found  that 
a  weak  exploder  would  simply  set  it  burning,  with  slow  combus- 
tion, a  dark,  reddish  gas  being  evolved,  which  smelled  not  unlike 
chlorine.  In  some  of  the  holes  the  entire  charge  burned  out  in  this  way, 
while  in  others  the  cartridge  containing  the  exploder,  and  sometimes 
only  a  portion  of  this  cartridge,  would  burn.  All  of  these  charges  that 
burned  slowly  in  this  way  occiirred  in  the  reef  soutli  of  the  inshore 
end  of  the  pier,  and  with  a  particular  lot  of  exploders  that  were  after- 
wards found  to  be  poor. 

One  of  the  difficulties  in  the  ixse  of  this  nitro-glycerine  powder  is 
the  fact  of  its  freezing  and  becoming  unreliable  at  a  temperature  lower 
than  42^  Fahr.     This  necessitated  keeping  a  tire  in  the  i)0wder  house. 

In  this  case  a  small  range  was  placed  in  the  powder  house,  which 
■was  a  10  X  10-ft.  structure  placed  on  a  scow  and  covered  on  the 
outside  with  tar-roofing  paper,  and  the  temperature  inside  kept  con- 
stantly between  65  and  75  \  During  the  cold  weather  the  powder 
always  arrived  in  a  frozen  condition,  and  the  thawing  out  was  done  by 
immersing  a  galvanized  iron  bucket  filled  with  the  gelatine  cartridges  in 
a  tub  containing  water  that  had  been  heated  on  the  range  to  a  tempera- 
ture of  not  above  100^  Fahr.  There  seems  to  be  considerable  doubt  as 
to  Avhat  is  the  dangerous  temperatiire  of  this  powder,  some  jieoiile  who 
had  used  the  gelatine  claiming  that  it  would  stand  200^.  No  difficulty, 
however,  arose  in  its  use,  limiting  the  temperature  as  stated,  and  the 
powder  never  became  so  soft  as  to  run  and  become  unmanageable. 
Using  the  bucket  and  the  water  in  this  way  none  of  the  cartridges  ever 
came  in  contact  with  either  the  hot  water  or  any  hot  metallic  surface. 
Owing  to  the  large  amount  of  handling  which  has  to  be  gone  through 
with  in  using  the  jiowder  Avliich  has  become  frozen,  the  cartridges, 
which  were  2 J  and  2{  ins.  in  diameter  and  8  ins.  long,  were  wrajjped 
carefully  in  extra  heavy  paraffiue  paper  before  being  sent  from  the  fac- 
tory, and  this  paper  Avas  never  opened,  except  in  the  case  of  the  one 
cartridge  into  which  the  exploder  for  each  charge  was  inserted. 
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The  drilling  was  commenced  on  this  reef,  south  of  the  inshore  end 
of  the  pier,  on  September  2d,  1892,  and  continued  without  interruption, 
except  for  blasting,  until  March  13th,  1893,  during  which  time  231 
holes  were  drilled  (Fig.  9),  aggregating  about  162  lin.  ft.  all  the 
holes  being  2^  and  3  ins.  in  diameter,  and  having  been  drilled  3  ft. 
below  the  35-ft.  grade.  The  first  dredging  was  done  from  March  13th 
to  22d,  inclusive,  703  cu.  yds.  of  mud  and  rock  being  taken  out,  the 
dredge  being  used  with  a  scoop.  After  the  dredge  had  taken  out  all  that 
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Fig.  10. 

seemed  possible  (Fig.  10),  an  examination  by  divers  showed  that  there 
was  still  much  loose  rock  on  the  bottom,  and  also  some  pieces  that 
had  been  detached  from  the  bed-rock,  which  lay  too  close  together 
for  the  dredge  to  remove.  After  the  dredge  was  through  this  first 
dredging,  15  holes  were  drilled  and  fired,  and  a  number  of  siirface  and 
seam  blasts  were  set  off;  after  which,  the  dredge  was  turned  in  again. 
Altogether,  the  dredge  was  at  work  eight  separate  times  on  this  reef; 
and  between  each  time  drilling  and  blasting  holes,  also,  seam  and  sur- 
face blasts  were  set  off,  to  loosen  the  rock. 

The  condition  after  final  dredging  is  .shown  in  Fig.  11. 

In  all,  there  were  79  holes  drilled  and  blasted  between  the  time 
that  the  dredge  first  commenced  work,  and  the  time  when  the  removal 
of  the  reef  was  finished.  During  the  same  time  86  cu.  yds.  of  loose 
rock  that  had  escaped  the  dredge  were  taken  up  by  divers.  The  work 
on  this  reef  was  finished  on  November  2d,  1893. 
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Operations  were  commenced  on  the  reef  north  of  the  outer  end  of 
the  pier  (Fig.  12)  on  October  19th,  1892,  when  an  examination  by  divers 
disclosed  the  fact  that,  although  the  reef  was  pretty  fairly  clear  of 
mud,  it  was  encumbered  by  a  quantity  of  rip-rap.     About   30  yds.  of 
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Fig.  11. 
this  were  removed  by  the  divers  before  the  drilling  commenced.  The 
reef  was  covered  on  the  top,  in  addition  to  the  rip-rap,  with  some  sand 
and  hard-pan,  and  it  was  deemed  advisable  to  pumj)  this  off.  This 
operation  proceeded  so  slowly,  however,  that  it  was  abandoned,  and 
actual  drilling  was  commenced  on  November  11th,  1892. 

As  stated  before,  an  endeavor  was  made  in  this  reef  to  drill  the 
holes  over  one-half  the  whole  area  before  the  blasting  opei'ations  were 
commenced;  exception,  however,  was  made  when  the  necessity  for  re- 
pairs compelled  the  abandonment  of  drilling,  and  also  where  holes 
were  placed  close  to  the  side  of  the  pier,  and  there  was  danger  of  los- 
ing them  on  account  of  the  tumbling  down  of  the  rip- rap  under  the 
pier.     At  these  times  blasting  was  done,  as  became  necessary. 

The  rip -rap  under  the  pier,  which  became  very  troublesome  later, 
was  placed  to  a  grade  of  15  ft.  below  mean  low  water,  under  the  pier, 
sloping  down  to  a  grade  of  20  ft.  at  the  side  of  the  pier.  Every  blast 
dislodged  some  of  this  rip-rap,  and  it  is  estimated  that  on  the  reef 
north  of  the  outer  end  of  the  pier  there  was  removed,  besides  the 
solid  rock,  about  -tOO  yds.  of  it,  a  considerable  portion  of  which, 
existing,  as  it  did,  close  to  the  side  of  the  pier,  was  about  as  expensive 


BENSEL   ON   SUBMARINE    ROCK    EXCAVATION. 


247 


to  remove,  either  by  the    diver  or    the    di'edge,   as  -was    the  blasted 
rock  itself. 

The  idea  in  drilling  the  large  number  of  holes  in  this  reef  before 
doing  anv  blasting  was  to  try  to  eseajje  the  delay  and  expense  found 
to  occur  on  the  reef  south  of  the  inshore  end  of  the  pier,  where  new 
holes  had  to  be  drilled  close  to  where  the  holes  had  previously  been 
blasted,  and  the  rock  had  been  left  shattered  and  in  seams,  and  yet  not 
loose  enough  to  be  removed  by  the  dredge.  Often  when  a  drill  struck 
any  of  these  seams,  the  hole  had  to  be  abandoned  and  a  new  one  sunk 
near  it.  . 
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Fig.  12. 

In  order  to  keep  track  of  the  holes  for  the  subsequent  blasting,  and 
to  enable  the  men  on  the  surface  to  know  the  location  of  those  that 
were  being  charged,  wooden  plugs  were  made  with  the  number  of  the 
hole  cut  into  them,  and  with  a  hole  through  the  axis,  in  which  was 
inserted  an  iron  rod  ^  in.  in  diameter.  As  soon  as  the  holes  were 
drilled,  these  plugs,  with  the  iron  rods  through  them,  were  inserted 
in  the  holes  in  the  rock  and  tam^jed  firmly  in  place  by  the  divers.  In 
the  charging  of  the  holes  afterwards  a  diver  was  dropped  down  about 
over  the  spot  where  the  holes  to  be  charged  were  supposed  to  be 
located,  and  he  removed  the  plugs  of  the  nearest  holes  and  sent  them 
to  the  surface.  It  could  then  be  readily  seen  whether  he  was  located 
on  the  bottom  correctly,  and  also  whether  he  was  charging  or  cleaning 
oiit  the  holes  intended. 

After  drilling  and  blasting  the  holes  on  the  westerly  half  of  the 
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reef  the  drilling  was  done  on  the  easterly  half,  the  holes  being  com- 
menced at  the  easterly  edge  and  worked  westerly,  and  located 
about  as  shown  in  Fig.  13.  It  was  found  that  the  force  of  the 
tide  had  considerable  influence  on  the  location  of  the  hole  on  the 
bottom,  and  examples  were  found  with  a  variation  of  3  ft.  between 
the  location  of  the  drill  on  the  surface  and  that  on  the  bed-rock  below. 
For  almost  the  entire  first  series  of  holes,  drilled  before  any  dredging 
was  done,  no  stool  or  guide  for  the  drill  on  the  bottom  was  needed  or 
used,  and  the  long-drill  steel  vibrated  in  a  circle  of  probably  4  ft.  in 
diameter  on  the  bottom  under  the  influence  of  the  strong  tidal  current 
before  it  drilled  sufficiently  into  the  rock  to  guide  itself.     This,  of 
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FIG.  13. 

course,  did  not  occur  where  the  rock  was  either  soft  on  top  or  overlaid 
with  sand  or  hard-pan.  The  cast-iron  drill  stool  (Fig.  4),  weighing  200 
lbs. ,  was  used  in  cases  where  the  holes  had  to  be  accurately  located,  or 
Avhere  the  hole  was  located  in  a  sloping  position  in  the  rock. 

All  the  holes  in  this  reef,  as  well  as  those  drilled  in  the  other  reefs 
by  the  Department,  were  drilled  to  a  grade  of  38  ft.  below  mean  low 
water,  excei^t  close  to  the  sides  of  the  pier,  where  the  bottom  was 
sloped  up,  as  shown  in  Plate  XXXV.  In  some  cases,  where  redrilling 
was  done  over  areas  of  the  bed-rock  where  it  had  formerly  been  drilled, 
the  rock  was  so  disturbed  by  the  x^revious  blasting  that  it  was  impos- 
sible to  get  powder  down  to  the  bottom  of  the  hole.  In  almost  every 
case,  however,  the  explosive  was  placed  down  as  far  as  35  ft.  below 
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mean  low  water.  After  all  the  regularly  spaced  holes  located  (Fig.  13) 
were  drilled  and  fired,  the  dredge  was  put  to  work  on  March  22d, 
working  from  that  date  until  the  28th,  and  excavating  and  removing  in 
that  period  229  cu.  yds. ,  scow  measurement. 

Soundings  were  then  taken,  and  the  reef  found  to  be  in  the  con- 
dition shown  by  Fig.  14,  which  plainly  shows  a  ridge  through  the 
center  of  the  reef  nearly  as  high  as  the  original  grade. 

An  examination  by  divers  disclosed  the  fact  that,  although  the 
rock  was  broken  and  seamed  where  the  grade  was  high,  the  broken 
stone  lay  in  such  a  position  that  the  dredge  skimme.d  over  the  top  and 
did  not  penetrate  into  the  mass.  Charges  were  lirejjared,  and  wherever 
a  seam  could  be  found,  a  charge  was  placed  and  fired.     After  this  was 
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Fig.  U. 

done,  the  dredge  was  set  to  work  again  from  April  5th  to  April  14th, 
and  in  that  period  excavated  and  removed  471  cu.  yds.,  scow  measure- 
ment. Soundings  taken  showed  still  several  high  jDortious  of  the  reef. 
Drilling  was  recommenced  between  April  15th  and  May  2d,  31  holes 
being  drilled  and  blasted  in  this  period.  The  dredge  was  then  turned 
in  again,  working  from  May  3d  to  9th,  and  in  that  period  removed  120 
cu.  yds.  Soundings  still  showed  several  high  places.  Thirty-three 
holes  were  drilled  and  blasted  before  the  dredge  was  put  to  work 
again.  This  trip  of  the  dredge  succeeded  in  removing  only  about  100 
cu.  yds.  in  four  days.  The  divers  reported  much  loose  rock,  jjait 
of  which  could  be  felt  from  the  surface.  A  trial  was  made  to  see 
what  could  be  done  with  divers,  and  in  one  day  6  cu.  yds.  were  re- 
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moved.  Tlie  reef  was  now  in  fair  shape,  except  close  to  the  pier, 
where  it  was  impossible  to  use  the  dredge.  After  drilling  29  holes, 
blasting  a  number  of  seams  and  firing  a  few  surface  blasts,  the  dredge 
was  ijut  to  work  again  on  June  6th,  and  between  that  date  and  June 
12th,  1.52  cu.  yds.  were  removed.  Thirty-six  holes  were  then  drilled, 
after  which  the  dredge  took  out  113  cu.  yds.  in  three  days.  After 
drilling  33  holes  and  blasting  them,  where  the  rock  was  a  very  small 
amount  above  grade,  the  dredge  was  put  to  its  final  work  on  this 
reef  on  July  24th,  and  from  the  24th  to  the  28th  removed  100  cu.  yds. 
Soundings  taken  after  this  showed  the  reef  in  the  condition  shown  in 
Fig.  15. 
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FiCi.  15. 

As  there  was  then  such  a  small  amount  of  rock  to  be  removed,  and 
the  trimming  of  the  bottom  close  to  the  pier  would  have  to  be  done 
by  the  divers  in  any  event,  the  Avork  of  removing  the  remaining  por- 
tions of  the  rock  by  means  of  divers  was  commenced  and  carried  along 
until  September  30th,  when  the  reef  was  cleared  to  a  grade  of  35  ft. 
beloAv  mean  low  water,  except  close  to  the  sides  of  the  pier,  where  the 
rock  was  trimmed  to  fit  the  bilge  of  the  American  line  ships  Pa7-is  and 
iVe«"  York,  as  shown  in  Plate  XXXV. 

The  nature  of  the  rock  in  all  these  reefs  was  about  the  same,  con- 
sisting of  gneiss  and  mica  schist  seamed  with  quite  extensive  veins  of 
quartz.  This  made  both  the  drilling  and  the  blasting  difficult,  as  the 
soft  mica  rock  in  some  places  was  extremely  difficult  to  remove  by 
surface  blasting,  even  when  only  a  small  height  was  to  be  knocked 
•down. 
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The  holes  di-illed  by  the  Department  in  all  the  reefs  for  the  first 
series  were  spaced  6  ft.  apart  in  northerly  and  southerly  direction,  and 
5  ft.  apart  easterly  and  westerly.  The  holes  being  drilled  in  a  vertical 
dii-ection,  the  result  of  the  blasting  seemed  to  be  to  stack  the  broken 
stones  against  each  other,  and  not  to  loosen  and  throw  ujj  the  mass. 
Divers  described  this  bottom  as  being  often  times  like  a  pile  of  grave- 
stones, one  stone  lying  against  another. 

Dredging. — The  dredging  of  the  blasted  rock  was  very  disappoint- 
ing. All  kinds  of  buckets  were  used,  including  the  scooj?,  clam- 
shell buckets  in  two  different  sizes,  4  and  7  yds.  capacity,  and  the 
grapple.  There  was  little  or  no  perceptible  difi"erence  in  their  effects. 
On  the  first  day  the  dredging  was  done  on  the  reef  south  of  the  outer 
end  of  the  pier;  fairly  satisfactory  work  and  jjrogress  were  made,  100 
cu.  yds.  being  excavated  and  piit  into  the  scow.  The  writer  thinks 
it  probable  that  this  progress  was  jiossible  because  E.  E.  Lowe 
hsA  made  a  large  number  of  surface  blasts,  the  charges  being  supposed 
to  be  placed  in  holes,  and  the  rock  was  powdered  pretty  well  all  over 
the  top  of  the  reef,  and  no  difficulty  was  experienced  in  its  removal. 
The  number  of  hours  that  the  dredge  was  employed  on  each  separate 
reef  is  as  follow: 

Reef  north  of  outer  end 389  hrs.  25  min. 

Reef  south  of  outer  end 266    "    .50    " 

Reef  south  of  inner  end 280    "    05    ' ' 

In  one  case,  directly  after  the  dredge  had  been  stopped  because  it 
was  doing  work  of  little  or  no  consequence,  30  cii.  yds.  of  stone  were 
sent  up  by  the  divers,  who  simply  loosened  the  stone  on  the  bottom 
with  their  bars,  the  broken  stone  having  formerly  lain  in  such  a 
position  that  the  dredge  buckets  skimmed  over  the  top.  It  would 
seem  as  if  part  of  the  explanation  of  the  slow  work  done  by  the  dredge 
lies  in  the  fact  that  the  rock  would  be  best  operated  on  by  a  machine 
using  the  scoop,  and  in  the  fact  that  there  is  no  machine,  so  far  as  the 
writer  is  aware,  certainly  none  in  this  vicinity,  capable  of  operating  a 
scoop  in  a  40-ft.  depth  of  water.  Extensive  alterations  would  have  to 
be  made  in  the  rig  of  the  machine,  in  order  to  get  a  greater  horizontal 
thrust  to  the  scoop.  The  dredge  employed  on  this  work  was  one  of 
the  largest  in  this  harbor,  but  to  rig  it  to  use  the  scoop,  or  dipper,  for 
the  dejjth  required,  simply  meant  the  extension  of  the  dipper  handle, 
'W'ith  no  increase  in  the  overhang  of  the  boom,  which  would  cause  an 
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increase  in  the  vertical  component  of  the  force  exerted  by  the  chains, 
and  a  consequent  decrease  in  the  thrust  or  horizontal  component  of 
the  force. 

This  dredge,  like  others  in  the  harbor,  is  built  to  operate  and  to 
dredge  to  a  depth  of  25  ft.  below  mean  low  water,  but,  though  dredging 
may  be  done  with  it  to  a  depth  of  30  ft.  in  mud  or  sand,  the  increase 
to  35  and  40  ft.,  and  the  oi:)erations  being  confined  to  rock,  were  con- 
ditions too  hard  for  it  to  master  satisfactorily. 

The  work  here  described  M^as  done  under  the  personal  direction  of 
the  writer  as  Assistant  Engineer  of  the  Department  of  Docks,  of  which 
G.  S.  Greene,  Jr.,  M.  Am.  Soc.  C.  E.,  has  been  for  a  long  period 
Engineer  in  Chief. 

The  cost  of  the  work  divided  into  the  several  reefs  is  as  follows : 
Reef  North  of  Outer  End— 

Labor $16  949  59 

Material 3  395  42 

Dredging 9  731  25 

Towage 548  73 

Reef  South  of  Outer  End — 

Labor 6  974  30 

Material *. 1  816  84 

Dredging 6  662  50 

Towage 274  36 

E.  K.  Lowe  paid  on  account 3  798  67  ■ 

Reef  South  of  Inner  End — 

Labor 13,217  16 

Material 2  526  24 

Dredging 5  752  08 

Towage 548  73 

Total ^72  195  87 

The  cost  of  building  the  two  drilling  floats  is  as  follows  : 

Labor $946  18 

Material 4  101  50 

The  calculated  amount  of  rock  removed  is  as  follows  : 

Reef  north  of  outer  end 766  cu.  yds. 

Reef  south  of  outer  end 357       " 

Reef  south  of  inner  end 407       " 

Making  a  total  of 1  530  cu.  yds. 

of  solid  rock  measured  in  place. 
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Besides  this  amount  of  solid  rock,  there  was  removed  about  450  cu. 

jds.  of  rip-rap,  thus  making  the  total  1  980  cu.  yds.   of  rock  removed. 

The  amoiint  of  rock  removed,  measured  in  the  scow,  is  as  follows: 

Eeef  noi-th  of  outer  end,  bv  dredge 1  285  cu.  yds. 

"  "  "  by  divers    150 

Keef  south  of  outer  end,  by  dredge 843 

"  "  "  by  divers    118 

Eeef  south  of  inner  end,  by  dredge 2  677 

<'         "         "  by  divers    150 


Making  a  total  of  rock  removed  and  meas- 
ured in  the  scow 5  223  cu.  yds. 


DISCUSSION. 


J.  F.  O'EorRKE,  M.  Am.  Soc.  C.  E.— What  kind  of  rock  was  that  ? 

John  A.  Bensel,  M.  Am.  Soc.  C.  E. — Gneiss,  with  veins  of  mica 
schist,  and  quartz. 

T.  GrTLFORD  Smith,  M.  Am.  Soc.  C.  E. — I  would  like  to  ask  about 
the  872  000  the  Department  spent  in  addition  to  the  S8  000;  the 
original  estimate  of  the  Department  was  about  this,  was  it  ? 

Mr.  Bensel. — There  was  no  estimate  made;  the  88  000  paid  Lowe 
is  included  in  the  amount  of  about  S72  000;  as  may  be  seen  on  page 
252,  bids  were  received,  of  which  Lowe's  was  the  lowest.  The  bids 
were  lump  sum  prices,  to  make  35  ft.  at  low  water  on  the  reef  south 
of  the  outer  end  of  the  pier. 

Desmond  FitzGekald,  M.  Am.  Soc.  C.  E. — What  has  been  the 
ordinary  price  in  25  ft.  of  water  ? 

Mr.  BENSEii. — It  varies  greatly,  probably  between  the  limits  of  S35 
and  811. 

Mr.  O'EouEKE. — Did  you  distribute  the  expenses  so  you  could  tell 
how  much  the  drilling  cost  ? 

Mr.  Bexsee. — I  have  not  done  so  in  this  paj^er.  The  dredging  is 
in  the  neighborhood  of  820  000,  the  construction  of  plant  was  about 
85  000,  and  the  amount  paid  Lowe  about  88  000.  The  remainder,  after 
subtracting  the  above,  is  the  cost  of  the  drilling,  blasting,  sounding, 
tubing  and  pumping  the  rock. 

Mr.  Smith. — You  have  the  plant  left  ? 

Mr.  Bensel. — Yes,  but  probably  no  use  for  it  in  the  near  future. 

Mr.  0"EorEKE. — Was  there  ever  considered  the  possibility  of  drill- 
ing throush  the  mud  ? 
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Mr.  Bensel. — As  stated  in  the  paper,  most  of  the  drilling  where  the 
mud  occurred,  on  the  reef  south  of  the  in-shore  end  of  the  pier,  was 
done  through  the  mud.  In  loading  the  holes,  however,  where  the  mud 
Avas  more  than  3  ft.  in  depth,  it  became  necessary  to  pump,  in  order 
that  the  diver  might  opei'ate. 

Mr.  O'RouEKE. — I  mean  without  a  diver. 

Mr.  Bensel. — A  trial  was  made  in  drilling  through  a  wrought-iron 
l^il^e,  but  the  length  of  the  pipe,  over  50  ft.,  and  the  consequent  diflS- 
eulties  in  its  handling  made  the  work  slower  and  more  expensive, 
and  its  use  was  therefore  abandoned. 

R.  A.  CuMMiNGS,  Assoc.  M.  Am.  Soc.  C.  E. — Has  the  Lobnitz  system 
been  considered  in  doing  this  work  ? 

Mr.  Bensel. — No  bids  were  received  from  any  one  using  that 
system. 

Mr.  CuMivnNGS. — I  am  informed  there  is  a  machine  to  operate  on 
this  principle  being  built  in  New  York  for  rock  excavation  '? 

Mr.  Bensel. — There  is  one  in  Troy,  working  on  a  Government 
contract.  I  doubt  if  it  would  have  worked  in  this  case  with  the  hard 
rock  that  was  met  with. 

Mr.  CuMMiNGS. — I  would  like  to  say  for  the  information  of  the 
members  that  there  is  a  dipper  dredger  in  this  country  operating  in 
a  depth  of  40  ft.  of  water.  It  was  illustrated  and  described  in  the 
technical  press  some  time  last  fall. 

G.  S.  Gbeene,  Jr.,  M.  Am.  Soc.  C.  E. — Is  that  on  shale  '? 

Mr.  CuMMiNGS. — It  is  on  hard  material. 

Mr.  Gkeene,  Jr.^I  think  I  know  the  work,  but  I  do  not  think  it 
has  been  worked  yet  at  so  great  a  depth  as  40  ft. 

Mr.  CuMMiNGS  (by  letter). — The  dredge  I  referred  to  was  designed 
for  40  ft.  depth  of  working,  and  was  built  for  the  Harbor  Commission 
of  Montreal. 

The  depth  to  which  the  Montreal  Harbor  Works  are  being  con- 
structed is  27^  ft.  at  low  water.  Inasmuch,  however,  as  in  the  spring 
of  the  year,  the  water  frequently  rises  15  ft.  above  low  water,  the 
dredges  all  have  a  capacity  of  going  to  a  depth  of  40  ft.  in  order  to 
reach  the  bottom  during  high  water.  There  are  some  di-edges  that 
can  work  to  41 J  ft. 

Mr.  Greene  (by  letter). — Mr.  John  Kennedy,  M.  Am.  Soc.  C.  E., 
informs  me  that  Mr.  Cummings  is  correct,  and  that  such  dredges 
have  been  used  for  excavating  shale  at  40  ft. ;  and  that  he  designed  a 
di*edge  for  excavating  phosphate  rock  at  42  ft.  depth  for  South  Caro- 
lina. 

I  do  not  think  that  rock  so  hard  as  that  referred  to  in  Mr.  Bensel's 
paper  has  before  been  excavated  to  a  depth  of  40  ft.  below  the  sur- 
face of  the  water. 
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By  D.  J.  Whittemore,  Past  President  Am.  Soc.  C.  E. 
Read  at  the  Annual  Convention,  June,  1894. 


WITH  DISCUSSION. 


Nowhere  in  quiescent  Nature  do  we  find  earth  surfaces  in  right  line 
planes,  or  changes  in  direction  of  same  made  by  abrupt  angles,  yet  it  is 
the  general  practice  in  laying  out  and  constructing  railway  excavations 
and  embankments  to  establish  slopes  on  such  planes  intersecting  the 
natural  surface  of  the  ground  and  the  formation  level  of  the  road- 
bed in  a  well-defined  line. 

These  conditions  are  never,  or  rarely  ever,  maintained.  Storm 
water  breaks  over  the  crest  thus  formed,  seeking  and  making  channels 
of  least  resistance  down  the  unprotected  slopes,  bringing  with  it  earth 
from  the  crest  and  from  immediately  below  it,  filling  the  ditches  in 
excavations.  Embankments  sufi"er  change  of  form  from  similar  cause  ; 
and  immediately  after  the  line  of  railway  is  opened  for  tratfic  the 
ditching  train  is  called  into  service  to  remove  the  slush  from  ditches 
and  to  widen  embankments,  at  a  cost  of  from  $1  to  §2  per  cubic  yard ; 
and  this  expense  is  continued  year  after  year,  and  charged  to  opera- 
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tion.  Often  this  expense  during  the  first  year  of  operation  will  exceed 
the  cost  of  forming  and  protecting  the  slopes  of  excavation  on  the 
plan  shown  by  the  diagram  herewith,  which,  with  the  above  remarks, 
the  writer  submits  without  further  comment  to  the  consideration  and 
criticism  of  the  members. 


DISCUSSION. 


FosTEK  Cbowell,  M.  Am.  Soc.  C.  E. — In  looking  over  this  paper 
by  Past  President  Whittemore,  I  have  been  impressed  both  by  its 
brevity  and  its  comprehensiveness.  I  have  rarely  seen  so  much 
contained  in  twenty  lines.     It  hardly  needs  anything  more. 

But  I  can  testify  from  my  own  experience  that  the  views  expressed 
in  it,  not  only  as  to  the  adoption  of  modified  slopes  for  railroad  earth- 
work, but  also  concerning  the  general  jirinciple  that  the  work  of  con- 
struction should  be,  so  far  as  possible,  complete,  and  not  left  in  a 
condition  to  entail  excessive  expenditure  in  operation,  cannot  be  too 
strongly  impressed  on  engineers. 

When  my  acquaintance  Avith  earthwork  began,  many  years  ago,  the 
setting  of  slope-stakes  was  chiefly  a  mathematical  exercise,  entered 
into  with  great  zeal  and  mistaken  faith  in  the  permanence  of  jslane  sur- 
faces in  new  fills  and  cuts  ;  but  I  soon  had  an  opportunity  to  learn  the 
error  of  such  ways,  in  laying  out  slopes  in  Fairmount  Park  (Philadel- 
phia), so  as  to   "stand,"  and  to  resemble  Nature. 

The  experience  which  I  gained  there  was  afterwards  carried  into 
railroad  biiilding,  and  demonstrated  the  advantage  of  following  Nature's 
forms  as  far  as  jiossible,  and  in  the  manner  which  Mr.  Whittemore  sets 
forth. 

I  also  learned  that  it  was  a  great  deal  better  and  cheaper  in  the  long 
run  to  move  material  once  for  all  and  charge  it  to  construction,  than 
to  handle  a  similar  quantity  several  times  a  year  thereafter  and  charge 
it  to  maintenance. 

I  might  point  out,  further,  that  the  desirability  of  flattening  or 
rounding  off'  the  top  of  a  cut  is  emphasized  in  cases  where  there  are 
catchment  ditches,  which  saturate  the  ground  and  in  crease  the  ten- 
dency to  break  away. 

The  toe  of  a  i-ectilinear  embankment,  if  left  to  itself,  will  come  to  a 
curve  of  stability ;  the  shoulder  will,  at  the  same  time,  break  down  and 
slough  away.     Natiire  should  be  assisted  at  both  points. 

It  not  infrequently  happens  that  excess  material  is  wasted  at  the 
nearest  available  spot  to  save  extra  haul,  while  at  other  times,  borrow 
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is  obtaiuecl  from  a  distance  ;  by  keeping  the  above  jsrincii^le  in  mind 
and  utilizing  surplus  excavation  to  that  end,  the  banks  can  be  put  in 
an  endiiring  shape  with  an  ultimate  saving  in  cost. 

r.  S.  Washbukn,  M.  Am.  Soc.  C.  E. — The  title  of  the  paper,  as  I 
understand  it,  is  "Form  of  Railway  Excavations  and  Embankments  ;" 
and  in  examining  the  diagrams  the  eye  is  first  impressed  with  the  dif- 
ferences in  form  rather  than  with  any  novel  mode  of  construction. 
But  closer  insjiection  develops  to  my  mind  that,  so  far  as  the  forms  of 
the  proposed  sections  are  concerned,  they  are  very  nearly  what  Nature 
will  herself  make  the  ordinary  slopes  in  the  course  of  a  short 
time.  I  cannot  see  that  a  paper,  based  simply  upon  the  rounding  oflf 
of  the  angle  on  top,  and  rounding  the  angle  at  the  ditches,  would  have 
great  practical  bearing.  The  paper  says  very  little  of  what  the  diagram 
shows,  iijjon  close  inspection,  to  be  very  important.  It  indicates  that 
the  slope  is  to  be  sodded  during  constriiction  ;  that  ditches  are  to  be 
leaved,  and  tile-drain  laid.  The  futility  of  a  young  assistant  engineer's 
pride  in  his  new  earth  slopes  has  been  dwelt  upon,  but  let  us  imagine 
for  an  instant  the  state  of  mind  of  a  chief  engineer,  whose  assistants 
asked  for  sod,  broken  stone  and  tile-drains  on  new  construction. 
In  short,  it  seems  to  me,  that  the  importance  of  the  form  of  the  em- 
bankment, as  bearing  upon  the  cost  of  maintenance,  is  very  small,  and 
that  the  cost  of  maintenance  is  reduced  to  a  much  greater  extent  by 
the  use  of  sod  and  paving  and  tile-drains,  and  that  this  feature  of  the 
subject  is  not  dwelt  upon  to  a  very  great  extent  in  the  pajjer. 

K.  E.  HiiiGAED,  M.  Am.  Soc.  C.  E. — The  preceding  speaker  reminds 
me  forcibly  of  the  first  "set-down"  I  was  served  with  when  engaged 
ujjon  railroad  construction  through  prosperous  farming  and  suburban 
property  in  one  of  the  Northwestern  States. 

I  had  accidentally  commenced  my  practical  engineering  on  railroad 
and  canal  construction  in  beautiful  Switzerland,  and  there  I  had  been 
used  to  seeing  the  embankments  sodded  over,  or  seeded  at  least,  indue 
season  after  their  completion.  Of  course,  I  was  impressed  with  the 
fact  that  this  afforded  an  excellent  and  cheap  method  of  protection,  if 
judiciously  applied  in  its  proper  place.  I  was  still  young  when  I  ad- 
vanced the  opinion  to  my  then  chief  over  here  that  the  same  should 
be  done  in  that  case  ;  but  I  shall  not  easily  forget  his  prompt, 
expressive  answer. 

I  am  glad  to  know  that  so  eminent  an  engineer  and  authority  as 
Mr.  Whittemore  should  personally  in  so  few  lines  state  that  there  is 
even  economy  in  this  method,  thiis  strongly  advocated  by  him,  and  I 
feel  vindicated  now,  and  that  I  may  forgive  my  former  chief,  and 
subsequent  friend,  forever. 

Mendes  Cohen,  Past  President  Am.  Soc.  C.  E. — In  listening  to  this 
paper  I  am  impressed  with  the  fact  that  we  must  be  coming  to  the 
millennium  in  railroad  i^ractice. 


258  DISCUSSION   ON   RAILWAY   EXCAVATION. 

I  am  surprised  and  gratified  to  find  that  our  honored  Past  Presi- 
dent, the  distinguished  chief  engineer  of  a  prominent  line  of  railway, 
is  able,  as  the  result  of  his  long  exiserience,  to  recommend  to  the 
younger  members  of  the  profession  so  thoroughly  effective  a  treatment 
of  the  slopes  of  excavations  and  embankments. 

The  trouble  always  was,  in  years  gone  by,  that  with  extremely  ^lim- 
ited means  engineers  were  expected  to  secure  a  graded  roadbed  at  the 
least  cost,  and  that  meant  necessarily  with  the  least  possible  amount 
of  excavation  or  embankment,  as  the  case  might  be. 

Most  of  us  were  well  aware  that  an  increase  of  the  angle  of  slope, 
as  also  thorough  drainage,  would  save  future  labor  and  expense  in 
maintenance,  but  how  rarely  was  there  a  chance  to  put  such  knowl- 
edge into  actual  practice.  A  plea  for  it  would  not  have  availed  much 
with  our  financial  managers,  who  seldom  had  money  in  advance^of 
present  urgent  requirements. 

The  slopes  would  wash  and  completely  fill  the  ditches,  which  the 
contractor  would  be  required  to  clear  at  the  last  moment  before 
getting  his  final  estimate.  But  how  very  soon  it  was  after  his  depart- 
ure that  the  process  had  to  be  repeated,  and  so  on  almost  contin- 
uously. 

If  we  had  seriously  suggested  to  our  boards  of  managers  the  im- 
Ijortance  of  giving  ample  width  to  the  slopes,  to  be  immediately  fol- 
lowed by  sodding  them,  we  would  have  been  laughed  at;  and  had  the 
proposition  been  tolerated  and  the  work  attempted,  we  would,  in  all 
probability,  have  very  soon  found  ourselves  out  of  emi^loyment,  for 
the  cost  would  have  been  overwhelming,  and  our  railroad  comiJanies 
would  have  been  bankrupted  sooner  than  so  many  of  them  have  been. 

All  that  we  could  do  in  earth  excavation  was  to  round  off  the  top 
of  the  slope,  and  if  it  crumbled  off,  to  endeavor  to  prevent  its  falling 
into  the  ditches. 

It  was  deemed  good  practice  in  such  cases  to  make  aberme  or  bench 
along  the  sloj^e  at  about  the  height  of  a  platform  car,  so  that  the 
berme  should  catch  the  greater  part  of  the  Avash  from  the  slopes  and 
prevent  its  falling  into  the  ditch,  holding  it  at  this  higher  level,  whence, 
at  convenient  times,  it  could  be  more  economically  handled  and 
loaded  directly  with  the  ditching  train. 

If,  in  the  case  of  our  older  roads,  we  have  now  reached  the  time 
when  the  slopes  having  been  widened  by  natural  or  special  causes,  we 
can  with  comparatively  little  labor  dress  them  off  and  plant  or  sod 
them,  we  are  coming  to  a  very  desirable  condition,  but  to  one  that 
could  not  have  been  attained  at  the  outset. 

It  seems  to  me  that  even  now  it  would  be  a  simple  impossibility  in 
this  country  to  grade  a  new  road  and  talk  to  the  authorities  about  sod- 
ding or  planting  the  slopes. 

With  regard  to  the  matter  of  drains  at  the  top  of  the  slope  in  exca- 


DISCUSSION    OX    RAILWAY   EXCAVATION.  259 

Tation,  my  o\ni  experience  does  not  follow  that  which  one  speaker  re- 
ferred to  :  that  ditching  at  the  top  of  the  slope  is  always  injurious  ;  I 
have  found  quite  the  contrary.  Ditching  at  the  top  of  the  slope 
where  there  is  much  di-ainage  into  the  cut  I  have  found  the  only  rem- 
edy from  serious  trouble.  If  the  soil  is  of  a  character  which  is  readily 
jjermeable  and  the  water  can  come  down  through,  we  must  construct 
the  drain  with  paving  or  boxing  in  order  to  carry  the  water  ofl  and 
prevent  its  cutting  in.  The  draining  of  the  toji  of  the  slope  I  have 
always  considered  as  very  important;  I  never  deem  the  work  so  poor 
but  that  we  can  afibrd  that.  Draining  at  the  bottom  is  also  very 
important. 

D.  J.  Whittemobe,  Past  President  Am.  Soc.  C.  E. — I  partly  agree, 
and  perhaps  may  quite  agree,  with  our  Past  President,  Mr.  Cohen, 
that  it  is  not  always  policy  to  have  surface  ditches  at  the  outside, 
and  in  some  jalaces  it  may  be  policy  to  have  tiles.  In  the  region  in 
which  I  work  there  is  hardly  any  instance  where  it  would  be  policy 
to  haye  those  ditches  outside  and  above  the  slope.  The  earth  is 
easily  saturated  with  water,  and  it  is  quite  difficult  to  compel  road 
repairers  to  attend  to  such  ditches. 

About  railway  comi^anies  not  permitting  the  engineer  to  emj^lov 
the  devices  I  have  mentioned  in  this  little  paper,  I  believe  that,  if  the 
engineer  would  properly  assert  himself,  in  many  instances  the  expenses 
of  sodding  these  slopes  and  forming  them  would  be  saved  during  the  first 
year  of  operation  ;  preach  that  to  managers,  and  I  believe  they  would 
act  upon  the  advice.  I  think  that  is  perhaps  where  our  difficulty  has 
arisen,  that  we  have  not  gone  to  the  president  and  the  active  directors 
of  railways  and  talked  as  we  should.  I  find  no  difficulty  with  the  di- 
rectors of  my  line  in  this  very  matter  ;  of  course,  they  have  had  long 
experience^  and  as  the  manager  of  our  line  in  one  case  remarked :  ' '  We 
must  do  that  on  our  next  work  ;  if  we  had  put  it  on  our  last  200  miles 
of  road  we  would  have  saved  thousands  of  dollars."  That  is  the  fact 
of  the  line  with  which  I  am  connected,  and  I  am  pretty  confident  that 
if  the  younger,  and  older  members  too,  talk  this  mp  with  the  com- 
panies, they  will  succeed  very  often,  and,  at  the  same  time,  save  nearly 
the  entire  expense  of  such  work  during  the  first  year  of  operation  of 
the  road. 

Dessiond  FitzGekald,  M.  Am.  Soc.  C.  E. — It  may  gratify  Mr. 
Whittemore  to  know  that  in  Massachusetts  we  have  built  embankments 
as  he  suggests  in  this  jjai^er.  I  believe  the  ideas  advanced  are  prac- 
tical. Materials  of  which  embankments  are  made  differ,  however,  so 
widely,  according  to  the  section  of  the  country,  that  general  rules 
must  be  ajjplied  with  judgment.  In  New  England,  in  order  to  jJrotect 
the  sides  of  embankments,  it  is  necessary  to  have  a  good  dej^th  of  loam 
upon  the  gravelly  materials  forming  them.  Sodding  alone  without 
plenty  of  loam  is  soon  lost.      I  have  often  seen  embankments  built 
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under  specifications  which  called  for  9  ins.  of  loam.  1  don't  know 
Avhere  that  9  ins.  originated,  but  I  have  seen  it  for  years  in  specifica- 
tions. Two  or  three  feet  of  loam  are  necessary  to  form  a  permanent  sod. 
It  may  seem  extravagant,  but  in  building  high  embankments  I  have 
always  put  on  as  much  as  2  ft.  where  possible.  If  less  is  put  on,  the 
grass  will  not  hold  its  own  through  droiights. 

Mr.  Whittemobe.  — While  it  has  been  about  45  years  since  I  had  my 
first  division  in  New  England,  I  recollect  well  the  distinctive  nature  of 
the  soil ;  it  was  sandy  gravel,  and  it  woiild  be  quite  an  undertaking  on 
that  line  of  road  to  maintain  seeding.  It  conld  be  done,  of  course,  but 
there  was  not  that  necessity  for  it  in  a  soil  of  that  dry  nature  as  there 
is  in  the  vast  regions  of  the  West,  where  there  is  a  clay  of  loam,  and,  I 
venture  to  say,  that  in  6  000  miles  of  road  I  have  in  mind  there  are 
not  over  100  or  200  miles  where  you  would  have  to  do  very  much  to 
produce  soil  on  slopes  of  cuts  that  would  maintain  the  growing  of 
grass.  If  such  places  as  that  are  found,  I  should  suggest  always  sod- 
ding. Sod  is  easily  to  be  procured,  and  by  proper  staking  I  have  found 
very  little  or  no  difficulty  in  its  continued  growth.  There  is  a  dis- 
tinction between  the  various  portions  of  our  country;  what  will  work 
in  one  locality  will  not  in  another.  In  the  large  regions  of  the  West, 
and  in  the  prairie  country,  I  can  see  no  difficulty  in  maintaining  sod 
upon  the  surface  of  the  slopes. 

Benjamin  Reece,  M.  Am.  Soc.  C.  E. — In  regard  to  rounding  off  the 
top  edges  of  embankments  as  here  advocated,  I  will  say  in  the  work  of 
cutting  down  grades  on  the  Lake  Shore  and  Michigan  Southern  Kail- 
way,  in  my  charge  from  1881  to  1887,  the  advantage  and  economy 
of  the  proposed  change  was  strikingly  illustrated.  In  lowering 
many  of  the  cuts  the  work  was  done  by  steam  shovels,  and  where 
the  position  of  curves  would  permit,  the  original  track  was  left  undis- 
turbed to  carry  the  traffic,  while  the  new  roadbed  was  excavated  close 
by  the  side  of  the  old  one  to  the  proper  depth  required  for  the  new 
grade. 

To  avoid  delays  which  the  jjurchase  or  condemnation  of  additional 
right  of  way  would  entail,  these  excavations  were  kept  as  close  to  the 
original  track  as  the  safe  carrying  of  trains  thereon  would  permit. 

These  imjirovemeats  were  of  such  magnitude  as  to  frequently  con- 
sume several  months'  time  before  their  completion,  and  in  the  earlier 
days  of  the  work  much  trouble  and  considerable  expense  was  expe- 
rienced by  the  top  edges  of  the  cuttings  breaking  away  and  sloughing 
off  from  imder  the  ends  of  the  ties  of  the  track.  Night  and  day  watch- 
men patrolled  the  track  in  advance  of  the  trains  and  the  necessary  re- 
pairs were  kept  up.  As  soon  as  this  tendency  became  apparent  the 
workmen  were  required  to  round  off  the  exposed  top  edge  of  the  road- 
bed, and  from  that  time  on  no  further  trouble  was  experienced.  The 
advantages  thus  derived    under    extreme   conditions    described  very 
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clearly  points  to  the  scientific  basis  and  practical  value  of  the   sugges- 
tions made  by  the  author  of  the  jaaper. 

The  form  proposed  is  the  one  which  the  trackman  must  ultimately 
give  the  slopes  of  his  embankments  and  excavations  in  order  to  make 
them  stable.  If,  as  has  been  suggested,  the  slopes  would  of  them- 
selves assume  the  form  proposed,  there  would  be  little  trouble,  but 
they  do  not,  for  usually  the  earth  sloughs  off  in  very  considerable 
masses,  filling  up  the  ditches  of  the  cuts  and  reducing  the  toj^  width 
of  embankments,  calling  for  constant  labor  at  considerable  cost  to 
clean  out  the  one  and  to  reinforce  the  other. 

There  is  little  doubt  in  my  mind  that  for  every  yard  of  earth 
handled  at  small  cost  in  construction  to  perfect  the  form  of  excava- 
tions and  embankments  as  indicated  by  the  author,  the  trackmen  will 
be  saved  the  necessity  of  handling  many  yards  at  high  cost  in  the 
work  of  rejiairs. 

Railways  are  built  to  be  operated,  and  the  engineer  builds  best  who 
has  due  regard  to  the  necessities  of  maintenance  as  well  as  of  trafiic. 

By  preventing  the  first  tendency  of  the  earth  to  move,  which  in 
ordinary  soils  is  by  no  means  difficult,  much  money  and  labor  can  be 
saved. 

As  further  illustrating  this  question,  I  will  say  that  in  raising  the 
embankments  for  the  changes  of  grade  and  second  track,  it  was  found 
that  in  the  higher  fills  ■nith  practically  the  same  material  the  quanti- 
ties of  earth  required  for  a  given  raise  showed  quite  a  variation  with 
no  apjjarent  cause.  A  study  of  this  feature  soon  revealed  the  fact 
that  where  the  ends  of  the  slopes  terminated  in  the  old  ditches,  the 
movement  out  was  prevented,  and  the  earth  of  the  slopes  was  com- 
pacted upon  itself,  affording  in  the  aggregate  a  considerable  saving  in 
amount  of  material  moved,  as  well  as  giving  a  better  consolidated  and 
more  stable  embankment.  After  this  observation  a  small  footing- 
trench  was  dug  along  the  marginal  edges  of  the  foot  of  embankments 
and  the  little  extra  labor  of  so  doing  was  repaid  many  fold. 

In  preparing  the  site  for  the  new  passenger  station  of  the  Lake 
Shore  and  Michigan  Southern  Railroad  at  Toledo  in  1886,  it  was  nec- 
essary to  widen  the  excavation  at  that  point,  which  was  from  20  to 
25  ft.  in  depth.  The  first  6  or  7  ft.  from  the  surface  was  a  friable 
yellow  clay,  the  rest  of  the  depth  was  through  a  tough  blue  clay 
which  was  rendered  more  or  less  unstable  by  the  presence  of  sand 
pockets  and  seams. 

The  original  cut,  notwithstanding  the  free  use  of  drain  tile,  had 
always  given  more  or  less  trouble  and  at  one  time  necessitated  the 
removal  of  a  slide  containing  some  200  carloads  of  earth.  The  work 
of  excavation  was  done  by  steam  shovels  which  left  the  sides  almost 
perijendicular.  As  the  top  slope  when  formed  constituted  one  line 
of  a  street    running    parallel    with   the   railroad,    its   stability    was 
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a  question  of  prime  importance.  In  shaping  this  slojje  a  small 
yj-  shaped  trench  about  1  ft.  in  depth  was  cut  along  where  the  foot 
of  the  slope  would  fall,  the  jDerpendicular  walls  of  the  cut  as  left  by 
the  steam  shovel  were  broken  down,  forming  the  slope,  which  was 
allowed  to  settle  and  the  small  V  trench  holding  the  toe  of  the 
slope  from  j^ushing  out,  it  soon  consolidated,  when  drains  of  cobble 
stones  were  laid  obliquely  down  the  face  of  the  slope,  which  was  then 
seeded  to  grass,  and  up  to  the  present  time  no  further  trouble  has  been 
experienced.  When  tile  drains  were  used  a  slight  movement  of  the 
face  of  the  slope  would  tend  to  destroy  the  connections  of  the  tile 
drains,  leaving  the  water  to  percolate  through  the  cut,  which  caused 
more  or  less  frequent  slides,  but  with  a  good  body  of  cobble  stone 
forming  the  drains  such  movements  of  the  slope  caused  a  slight  attenu- 
ation, but  did  not  destroy  the  continuity  of  the  drains  and  the  con- 
ditions of  good  drainage  were  preserved. 

The  character  of  the  materials  handled  has,  of  course,  much  to  do 
with  the  methods  which  should  be  emi^loyed;  nevertheless,  as  a  general 
proi^osition,  the  methods  advised  in  the  paper  can  be  defended  and 
sustained  as  being  more  efficient  and  less  costly  than  those  which 
now  prevail. 

J.  M.  Knap,  M.  Am.  Soc.  C.  E. — In  the  matter  of  sodding,  if  the 
course  pursued  by  the  Ogdensburg  and  Lake  Champlain  Raih'oad 
Company  in  the  construction  of  their  road  were  generally  adopted,  it 
would  be  a  good  thing.  This  company  had  incorporated  in  its  contracts 
that  the  slopes  of  cuts  should  be  sodded,  and  withheld  part  payment 
until  it  was  done. 

One  piece  of  their  work  (a  cut  some  20  ft.  in  depth  and  about  one 
mile  in  length),  done  40  years  ago,  was  sodded  at  the  time,  and  is  the 
admiration  of  all  who  pass  over  the  road;  the  slopes  are  in  good  shape 
to-day,  and  have  been  maintained  at  little  or  no  expense.  The  extra 
cost  to  the  company  at  the  start  was  trifling,  although  it  must  be  ad- 
mitted that  the  contractor  did  fail. 

Mr.  Crowell. — The  value  of  such  luxuries  as  sodded  banks  is 
manifested  on  all  roads  that  can  aftbrd  to  make  a  choice  between  the 
two  methods.  The  practice  has  generally  been  settled  by  the  crude 
test  of  first  cost,  but  the  tendency  now  is  toward  the  crucial  test 
of  maintenance  charges.  I  quite  agree  with  the  proi^osition  stated, 
that  many  roads  could  not  be  built  if  this  exj^ense  were  added  to  con- 
struction account;  there  is  not  money  enough  in  hand  in  building 
many  new  roads  to  go  to  such  exijense;  but  that  has  nothing  to  do  with 
the  best  practice.  Makeshifts  are  often  necessary  in  new  construct- 
ion; but  if  there  is  money  enough  in  hand  to  secure  it,  the  permanent 
character  secured  for  embankments  and  cuts  at  the  earliest  possible 
moment  is  an  element  of  economy  in  the  operation  of  the  road.  The 
sodding  of  a  bank,  which  looks  like  an  ornament  in  a  well-kept  cut,  is 
not  a  luxury  at  all,  but  a  money-saving  contrivance. 
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In  regard  to  the  question  of  ditches  at  the  tops  of  slopes,  my  pro- 
position was  misunderstood;  I  should  be  the  last  to  say  that  the  ditch 
was  not  necessary  there.  What  I  did  say  was  that  the  presence  of  the 
ditch  on  the  top  of  the  slope  was  apt  to  produce  a  satiiration  of  the 
ground,  making  it  all  the  more  desirable  to  flatten  the  top  of  the  cut. 
It  is  impossible  to  avoid  sach  ditches,  but  still  they  are  often  used  to 
too  great  an  extent.  Water  is  not  infrequently  can-ied  along  them  which 
ought  to  be  taken  down  to  the  track  level  by  the  shortest  path,  or  be 
otherwise  disposed  of,  so  as  to  get  it  away  from  the  slopes.  Slope 
drains,  with  paved  channels  which  carry  the  water  directly  down  the 
slope,  are  often  used  with  good  results.  Established  railroads,  when 
extending  or  widening  out,  increasing  the  number  of  tracks,  resort  to 
sodding  at  the  earliest  possible  moment,  chiefly  to  reduce  the  mainten- 
ance charges,  and  that  should  be  the  object  in  every  case;  although  it  is, 
of  course,  impossible  to  secure,  in  the  first  year  of  a  railroad  embank- 
ment, the  permanence  which  will  come  in  time. 

J.  F.  WAMiACE,  M.  Am.  Soc.  C.  E.  (by  letter). — If  the  ideas  advanced 
by  Mr.  Whittemore  had  been  put  into  practice  years  ago,  the  result 
would  have  been  a  saving  of  hundreds  of  thousands  of  dollars  to  rail- 
roads in  the  central  and  western  portions  of  the  United  States.  The 
past  and  present  practice  of  making  the  cross-section  of  railroad  exca- 
vation and  embankment  conform  to  the  theoretical  lines  laid  down  by 
the  earlier  engineers  has  so  far  given  expensive  and  unsatisfactory 
results. 

The  writer  has  known  cases  where  it  has  required  as  great  an  ex- 
penditure of  money  to  obtain  and  maintain  a  good  roadbed  through 
excavations  as  it  originally  cost  to  make  the  excavations,  due  to  the 
sloughing-in  of  the  Sides  of  the  excavations,  the  filling  up  of  the 
ditches,  and  the  imperfect  drainage  caused  thereby;  necessitating,  not 
only  the  expensive  method  of  cleaning  out  surface  ditches  by  the  use 
of  work-train  service,  but  also  a  waste  of  money  in  keeping  the  track 
in  proper  condition  while  the  work  was  under  progress. 

Most  of  the  railroads  constructed  in  the  south  and  west  have  rarely 
been  fully  ballasted  at  the  time  the  work  was  originally  done,  the 
ties  being  laid  on  the  surface  of  the  ground,  and  surfaced  slightly 
with  ordinary  soil.  After  the  first  few  rains  the  original  ditches 
would  be  filled  with  the  wash  from  the  slopes  or  the  sloughing  in  of 
the  sides  of  the  cuts.  During  the  wet  season  it  would  be  almost  im- 
possible to  ditch  the  cuts,  as  the  material  in  the  ditches  would  be  a 
soft  slush;  frequently  the  track  Avould  be  blocked  up  by  using  extra 
ties  at  a  cost  of  50  cents  apiece.  Sometimes  the  tracks  would  disap- 
pear entirely  below  the  mud,  and  the  writer  knows  of  one  case  in  which 
two  additional  tracks  were  laid,  one  after  the  other,  on  top  of  the 
original  track,  in  order  to  maintain  traffic. 

The  form  of  cross-section    suggested   by  Mr.    WTiittemore   would 


264 


DISCUSSION-  ON  RAILWAY  EXCAVATION. 


1^ 

s 


0 
s 


^ 


Vj 


.tf- 


<o 

0 
0 

Nl 

0 


0 

«0 


0 

hi 


k 
0 

k 

0- 


0 


DISCUSSION"    ON    RAILWAY    EXCAVATION.  265 

largely  prevent  this,  but  not  entirely  so  of  itself.  This  form  of  cross- 
section  used,  however,  in  connection  with  drain  tile  as  suggested 
would  give  good  results.  The  systematic  use  of  drain  tiles  in  earth 
excavations  is  the  best  remedy  for  the  sloughing  in  of  the  sides  of  the 
cuts  and  the  filling  up  of  the  surface  ditches. 

There  are  a  few  roads,  however,  in  the  central  and  western  portions 
of  the  United  States  Avhere  drain  tile  has  been  systematically  used. 
In  1892  the  writer  commenced  on  the  Illinois  Central  Railroad  the  sys- 
tematic use  of  drain  tile  in  excavations,  and  with  the  most  satisfactory 
results,  and  it  is  the  intention  to  jjursue  the  use  of  tile  until  all  the 
cuts  that  are  wet  or  springy  have  been  thoroughly  tiled.  The  mini- 
mum size  of  tile  used  is  6  ins.,  and  the  maximum  12  ins.  Several 
long  cuts  that  were  tiled  in  1892,  where  the  grade  of  the  track  was  one- 
half  of  15*0^,  and  the  cuts  from  3  500  to  4  500  ft.  in  length,  the  12-in.  tile 
was  used  for  a  few  hundred  feet  from  the  mouth"  of  the  cut,  and  was 
then  reduced  as  the  work  proceeded  toward  the  summit  from  12  to  10 
and  8  ins. ,  and  then  to  6  ins.  in  diameter. 

The  cross-section  suggested  by  Mr.  Whittemore  will  be  of  little 
avail  unless  sodding  is  done  at  the  time  the  work  is  constructed  ;  and 
the  writer  would  also  suggest  a  modification  of  his  cross-section  as  per 
the  diagram  on  page  264. 

As  an  illustration  of  the  expense  entailed  by  not  taking  proper 
means  to  protect  the  slojies  and  provide  for  subdrainage  during  the 
period  of  construction,  the  writer  would  refer  to  one  division  of  road 
that  was  constructed  five  years  ago.  Upon  .50  miles  of  one  section  of 
this  line,  the  writer  now  has  two  ditching  trains  which  will  be  engaged 
for  five  months  in  cleaning  out  the  surface  ditches,  which,  in  his 
opinion,  would  have  been  avoided  if  the  work  of  construction  had 
been  carried- out  on  the  lines  suggested  in  Mr.  Whittemore's  jjaper. 

Since  reading  Mr.  Whittemore's  paper,  the  writer  has  adopted  the 
cross-section  shown  on  diagram  as  the  standard  cross-section  for 
new  excavations  on  the  Illinois  Central  Railroad.  A  cross-section  of 
similar  form,  but  with  a  slope  of  2  to  1,  has  been  used  by  the  Illinois 
Central  Railroad  Company  between  Dubuque  and  Sioux  City,  and  on 
the  branches  in  Iowa.  The  use  of  this  cross-section  was  due  to  the 
existence  of  a  large  number  of  shallow  cuts  that  only  needed  surface 
ditching;  it  was  also  desirable  to  have  a  curved  form  of  cross-section 
and  flat  slope  in  order  to  j^revent  the  acciimulation  of  snow.  The 
old  excavations  were  worked  over  with  ordinary  drag  scrapers.  This 
work  was  done  at  an  approximate  cost  of  10  cents  per  cubic  yard, 
and  the  waste  material  spread  uniformly  over  the  right  of  way  out- 
side of  the  excavation.  This  was  not  only  an  economical  way  of 
ditching  the  excavations,  but  the  using  of  the  flat  slope  and  the 
curved  cross-section  gave  the  wind  a  chance  to  sweep  the  excavations 
clear  of  snow,  and  prevented  the  deposit  of  drifts.      This  plan  was 
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adopted  two  years  ago,  and  has  given  satisfactory  results,  botli  in  the 
ditching  of  the  cuts  and  in  preventing  deposits  of  snow  during  the 
Avinter  season. 

Chaeles  H.  Snow,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — A  gentle- 
man has  spoken  of  the  advisability  of  placing  a  layer  of  top  soil  on  the 
sloj^e  of  the  otherwise  composed  railway  embankments.  It  is,  of 
course,  obvious  that  if  embankments  are  to  be  j^rotected  by  vegetation, 
turf  or  seed  must  not  alone  be  ajDi^lied  but  be  kept  alive,  and  they  can 
alone  be  kept  alive  by  congenial  soil,  such  as  banks  are  not  always 
composed  of.  There  is,  then,  the  difficulty,  not  alone  of  procuring  turf 
or  seed,  but  frequently  top  soil  as  well,  and  it  would  seem  that  if  ob- 
jections were  raised  to  the  cost  of  sod  or  seed,  the  same  would  be  much 
magnified  in  the  matter  of  top  soil,  as  necessary  as  the  others.  Suffi- 
cient top  soil  would  often  form  a  large  projaortion  of  embankments,  so 
that  in  some  parts  of  the  country  the  embankments  would  be  largely 
composed  of  material  which  must  be  brought  from  5  to  500  miles. 
Again,  the  wide  strij)  of  our  Western  Continent,  crossed  by  all  of 
the  overland  routes  in  which  vegetation  is  not  possible  without  irri- 
gation, must  be  encountered.  If  the  suggestion  of  the  author  of  this 
paper  were  to  be  applied  generally,  instead  of  locally,  as  he  intended, 
some  provision  would  be  needed  for  irrigating  such  tracts. 

Those  of  us  who  visited  Sandy  Hook  last  January  noticed  some 
places  in  which  sod  did  not  entirely  cover  embankments,  but  squares 
of  it  were  placed  alternately  so  that  the  Avhole  appeared  like  a 
checker  board. 

Mr.  Whittemore  (by  letter). — Further  remarks  of  the  writer  will 
be  as  brief  as  the  paper  itself. 

Of  course  there  are  localities  where,  during  initial  construction,  it 
will  not  be  reasonably  practicable  to  secure  and  maintain  a  growth  of 
sod  along  slopes,  jjarticularly  where  the  line  traverses  regions  desti- 
tute of  soil,  and  where  embankments  and  excavations  are  of  clean 
gravel  and  sand,  and  it  is  equally  true  that  in  svich  localities  generally 
little  trouble  is  experienced  in  securing  stability  of  slopes  as  affected 
liy  water.  The  writer  claims  that  his  suggestions  aj^ply  with  marked 
force  to  those  extensive  regions  through  which  lines  are  built,  having 
soils  more  or  less  rich,  and  which  are  in  many  instances  sevei'al  feet  in 
depth,  and  in  which  the  unprotected  slopes  become  mud  producers 
during  and  after  storms.  The  necessary  width  of  excavations  at  for- 
mation level  depends  in  degree  upon  the  depth  and  kind  of  ballast 
used.  The  writer's  sketch  indicates  a  section  found  serviceable  where 
fine  gravel  is  used  ;  when  coarse  gravel,  broken  stone,  or  calcined 
giimbo  is  used,  a  different  form  of  section  is  advised. 
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THE    TEQUIXQUIAC    TUNNEL.— DISCUSSION  ON 
PAPER  No.  725*.  ^^  'V"!" 

rmfiaae.  aJi  i-j'i'i 
By   Don    Lns    Espinoza.  oi  gnxilq  qiIT 

'   'rwlao-j   ifjTI 

Ever  since  Cortes  established  tlie  present  city  of  Mexi(^o  oti'^ne 
site  of  the  ancient  A^tec  Venice  the  pi'oblem  of  the  drainage  of  the 
valley  of  Mexico  may  be  said  to  have  occupied  the  attention  of  ife 
inhabitants.  The  projects  for  dealing  ^ith  the  difficulty  have  beeii 
numerous,  and  very  large  amounts  of  money  have  been  spent  and 
much  work  done  since  the  time  referred  to  ;  work  which  in  some  cases 
has  been  partially  successful,  or  which,  at  any  rate,  has  tended  (aided 
by  the  changes  in  the  rainfall  of  the  district,  contraction  of  the  area  of 
the  lakes,  etc.)  to  modify  considerably  the  old  conditions  and  to  sim- 
plify somewhat  the  problem. 

Among  the  first  projects  which  were  advanced  at  the  commencement 
of  the  17th  century,  was  that  of  engineer  Henry  Martinez,  which, 
having  been  approved  and  started,  served  to  commence  the  work 
known  as  the  Virreyes  ;  this  was  at  the  time  when  there  was  peace  in 
Mexico  under  the  dominion  of  Sj^ain.     The  plans  of  Martinez  were 

*"  Tequixquiac  Tunnel,  Valley  of  Mexico."  By  Albert  Johnstone  Campbell  and  Fred- 
erick William  Abbot,  Assoc.  M.  Am.  Soc.  C.  E.     Transactions,  Vol.  XXXII,  page  171. 
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entirely  diflferent  from  tliose  which  are  now  being  carried  out,  and  it  is 
not  necessary  to  follow  the  diflferent  branches  of  said  plans,  but  only 
to  say  this  much  :  that  they  consisted  at  first  in  jjlans  for  a  tunnel  dis- 
charging in  the  neighborhood  of  the  town  of  Huehuetoca,  for  which, 
on  account  of  the  falling  in  of  the  roof,  an  open  cut,  which  is  now 
known  as  the  cut  of  Nochistongo,  was  substituted.  This  work  only 
served  to  deviate  from  the  narrow  enclosed  basin  called  the  Valley  of 
Mexico  a  part  of  the  water  which  the  rains  precipitated  into  it. 

Thus  this  tunnel,  on  account  of  its  having  been  started  at  a  level 
higher  than  the  bottom  of  the  valley,  did  not  solve  the  problem  of 
drainage. 

The  jilan  which  is  now  being  carried  on,  and  known  as  the  Tunnel 
of  Tequixquiac,  is  a  comjjlete  solution  of  this  difficulty,  not  only  draw- 
ing away  from  the  valley  the  waters  which  run  into  it  and  thus  flow 
into  the  city  of  Mexico,  and  avoiding  the  constant  danger  of  inunda- 
tion to  which  it  has  always  been  exposed,  but  at  the  same  time  arrang- 
ing a  plan  by  which  it  will  be  possible  to  drain  the  city  thoroughly, 
giving  a  suflficient  flow  to  the  servers  which  will  be  constructed  to  per- 
fect its  sanitary  drainage. 

The  i^lans  for  the  Tunnel  of  Tequixquiac  were  also  suggested  in  the 
17th  century  by  Simon  Mendez,  a  miner,  and  were  approved  and 
^l^^rt^d  aft.^r  the  tunnel  built  by  Martinez  had  fallen  in,  but  were 
s^pn  ab.g^ndoned  on  account  of  excessive  cost.  Later,  in  1774,  the 
plai^  of  the  Tunnel  of  Tequixquiac  was  carefully  studied  by  the 
}ieaj,;ned  Don  John  Velazquez  of  Leon.  The  problem  was  again 
studied  by  Lieutenant  Smith,  of  the  Army  of  the  United  States,  in 
1848,  who  was  authorized  by  the  Drainage  Board  of  Mexico  to  make 
such  investigations  ;  and,  by  order  of  the  meeting  of  the  Drainage 
Board  of  the  city  of  Mexico  in  1855,  was  again  studied  by  Engineer 
Don  Francisco  Garay.  Still  later,  dilring  the  empire  of  Maximilian, 
the  present  project  was  taken  up  by  a  sj^ecial  commission  of  engineers, 
and  the  work  started.  Several  of  the  shafts  on  the  line  of  the  timnel 
were  excavated  to  a  considerable  depth,  and  at  the  same  time  work  was 
commenced  on  the  construction  of  offices,  etc.,  and  the  erection  of 
machinery.  The  fall  of  the  emijire  i)aralyzed  the  work  for  some 
months,  but  the  Government  of  the  Republic  commenced  it  again, 
going  over  the  plans  once  more,  ratifying  them,  and  deciding  that  the 
present  line  of  the  tunnel  was  the  most  convenient. 
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After  having  finished,  under  the  administration  of  President  Senor 
Jaurez,  in  the  years  1868-71,  a  large  amount  of  work,  such  as  deep- 
ening the  shafts  and  installing  machinery,  as  well  as  the  construction 
of  the  open  cut  at  the  outlet  of  the  tunnel,  about  2  000  m.  long,  with 
a  maximum  depth  of  27  m.,  the  work  was  stopped  on  account  of  the 
general  disturbance  in  public  matters,  and  was  not  again  stai-ted  until 
1885,  when  a  special  commission  or  drainage  board  was  formed  by  Gen- 
eral Diaz,  and  work  under  the  direction  of  the  writer,  who  was  the 
government  engineer,  was  again  commenced.  From  1871  to  1885  all 
that  was  done  was  to  preserve  the  work  which  had  been  completed, 
and  to  take  care  of  material,  etc. 

In  the  opinion  of  various  engineers  the  different  projects  which 
have  been  designed  for  this  work  show  a  tendency  towards  too  great 
size  in  the  dimensions  of  the  cross-section  of  the  tunnel  ;  at  the  same 
time  it  was  peculiar  that  in  all  of  these  plans  there  were  no  two  alike, 
which  necessitated  a  new  calculation  each  time.  This  was  finally  made 
by  the  writer,  who  determined  the  quantity  of  water  which  it  was 
necessary  to  handle  for  the  drainage  of  the  valley  of  Mexico,  which 
quantity  he  j^laces  at  17j  cu.  m.  per  second,  and  also  determined  the 
dimensions  necessary  to  make  the  tunnel  sufficiently  large  to  handle 
this  quantity;  and  he  it  was  who  ultimately  designed  the  section  which 
is  now  being  built. 
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FRICTION    ROLLERS.— DISCUSSION    ON    PAPER 

No.  722.* 


By  J.  B.  Johnson,  M.  Am.  Sec.  C.  E. ,  and  A.  Makston,  Assoc.  M.  Am. 

Soc.  C.  E. 


J,  B.  Johnson,  M.  Am.  Soc.  C.  E.  (by  letter). — This  is  tlie  most  valu- 
able contribution  to  our  knowledge  of  tlie  strength,  friction  and  wear  of 
metallic  rollers  that  has  come  under  my  observation.  Professor  Mars- 
ton  has  rendered  us  a  good  service  in  his  elaborate  analysis  of  the  dis- 
tribution of  stress  in  a  metallic  roller,  but  I  would  prefer  to  see  the 
development  of  the  subject  based  on  the  distributed  stress  which  obtains 
in  practice  rather  than  upon  a  concentration  of  stress  on  a  linear  element 
of  the  roller,  as  has  been  assumed  in  the  paper.  I  see  no  advantage,  for 
instance,  in  the  development  of  formula  (15),  giving  the  area  of  contact 
on  the  assumption  that  the  load  is  wholly  concentrated  on  a  mathe- 
matical line.  This  method  of  concentrating  the  load  would  jjroduce 
an  indented  roller  and  plate,  -n-ith  an  infinite  intensity  of  stress  along 
the  loaded  line.  The  assumptions  involved  in  equation  (15)  are,  there- 
fore, purely  hypothetical  and  far  fetched,  being  not  at  all  api^licable  to 

*  "Friction  Boilers."  By  C.  L.  Crandall,  M.  Am.  Soc.  C.  E.,  and  A,  Marston,  Assoc.  M. 
Am.  Soc.  C.  E.     Transactions,  Vol.  XXXII,  page  99. 


DISCUSSION    ON   FRICTION"    ROLLERS.  271 

the  determination  of  the  area  of  contact,  and  might  therefore  be 
omitted  from  the  discussion.  Immediately  following  this  develop- 
ment, however,  the  author  gives  the  result  of  a  development  of  the 
theoretical  area  of  contact  when  the  true  distribution  of  stress  is  used. 
The  mathematical  analysis  involved  in  this  result  might  well  have  been 
inserted  in  the  paper  in  place  of  the  conventional  assumption  involved 
in  formula  (15).  A  rational  analysis  for  determining  this  theoretical 
area  of  contact  has  never  yet  been  published,  so  far  as  I  am  aware. 

It  is  also  unfortunate  that  no  record  has  been  given  of  the  areas  of 
contact  corresponding  to  the  experiments  plotted  on  Plate  XVIII.  I 
am  inclined  to  give  great  weight  to  these  experiments,  as  they  seem  to 
have  been  made  with  adequate  care  and  with  intelligence.  If  the 
author  of  the  paper  could  give  us  the  law  of  the  areas  for  increasing- 
loads  when  the  diameter  remains  constant,  and  also  the  law  of  the 
areas  for  constant  loads  "ftith  varying  diameters,  he  woiild  add  largely 
to  the  value  of  his  jsaper,  so  far  as  the  theoretical  analysis  of  the  prob- 
lem is  concerned.  He  has,  however,  given  us  no  information  as  to 
these  areas,  and  perhaps  they  were  not  taken. 

So  far  as  a  working  formula  is  concerned,  however,  for  the  strength 
of  a  metallic  roller,  the  results  plotted  on  Plate  XVIII  seem  to  be 
entirely  satisfactory.  They  show  conclusively  that  the  crijDpling  load 
on  a  metallic  roller  varies  directly  with  its  diameter.  This  conclusion 
is  quite  independent  of  any  theory  of  stress  distribution,  and  would 
seem  to  warrant  the  use  of  a  working  formula  like  that  given  in 
equation  (17),  in  which  the  working  load  per  imit  of  length  of  roller  is 
some  constant  multiplied  by  the  diameter  of  the  roller.  So  far  as 
practical  use  is  concerned,  this  is  the  main  question,  and  the  paper 
would  seem  to  be  conclusive  on  this  subject. 

I  will  take  the  liberty  of  adding  here  some  results  of  tests  for 
determining  the  area  of  contact  between  locomotive  and  car  wheels 
and  rails  obtained  by  me  five  years  ago,  when  the  subject  of  "Wheels 
and  Rails"  was  so  prominently  before  this  Society.  A  section  of  a 
steel-rimmed  locomotive  di'iver  44  ins.  diameter  and  a  section  of  a  33-iu, 
diameter  cast-iron  car  wheel  were  procured  and  mounted  in  a  100  000- 
Ib.  Kiehle  testing  machine.  Short  sections  of  steel  and  iron  rails  were 
also  procured  and  placed  in  the  machine,  so  that  the  wheel-treads 
rested  upon  them  in  a  normal  position.  They  were  then  loaded  with 
5  000-lb.  increments,   from  5  000  to  60  000  lbs. ,  the  area  of  contact 
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being  measured  after  each  loading.  These  actual  areas  of  contact  are 
given  in  Plates  XXXIX,  XL  and  XLI,  where  they  are  shown  to  a  scale 
one-half  the  actual  size,  thus  making  the  areas  one-fourth  actual  size. 
In  Plate  XLII  these  areas  are  plotted  for  both  the  33-in.  and  the  44-in. 
wheel. 

The  surfaces  of  the  wheel-treads  and  also  of  the  tops  of  the  rails 
were  highly  polished,  so  as  to  become  good  mirrors,  before  the  experi- 
ments were  made. 

The  areas  were  obtained  by  marking  with  wet  chalk  the  surface  of 
the  rail  and  rubbing  it  down  with  a  moistened  finger  and  allowing  it  to 
dry.  This  gave  a  whitish  appearance  to  the  surface,  with  no  appreci- 
able thickness  of  film,  and  the  actual  area  of  pressure  contact  was 
clearly  showm  by  a  slight  discoloration  of  this  surface.  A  pencil  line 
was  passed  around  the  border  of  this  contact  area,  and  then  the  area 
copied  on  tracing  paper.  The  surface  was  then  cleansed  and  examined 
for  permanent  distortion,  and  prepared  for  another  loading. 

No  permanent  distortion  was  noted  upon  either  rails  or  wheels  at 
the  contact  surface  up  to  the  60  000-lb.  limit.  At  this  loading,  how- 
ever, the  web  of  the  rail  was  observed  to  take  a  permanent  set. 

The  most  remarkable  feature  of  these  tests  Avould  seem  to  be  the 
law  of  increase  of  area  with  increasing  loads,  as  shown  in  Plate  XLII. 
These  areas  plot  practically  upon  a  straight  line  through  the  origin, 
indicating  that  the  area  is  directly  proportional  to  the  load.  This 
being  true,  it  must  follow  that  the  load  divided  by  the  area  of  con- 
tact, or  the  average  stress  per  square  inch  over  the  area  of  contact,  is  a 
constant  for  all  loads.  This  constant  is  something  over  80  000  lbs.  per 
square  inch,  but  the  distortion  or  compression  of  the  surface  at  the 
center  of  these  areas  of  contact  is  just  twice  the  average  distortion 
over  the  area,  and,  since  the  loads  seem  to  be  within  the  elastic  limit 
of  the  materia],  it  follows  that  the  intensity  of  stress  at  the  centers  of 
these  areas  of  contact  were  twice  the  average  intensity  of  some  80  000 
lbs.  for  the  steel  driver  iipon  a  steel  rail,  or  that  the  maximum 
intensity  of  stress  at  the  centers  of  these  areas  Avas  for  steel  upon 
steel  160  000  lbs.  per  square  inch.  For  the  chilled  cast-iron  wheel 
33  ins.  in  diameter  this  maximum  intensity  was  still  greater  as  the  ai-ea  , 
was  less. 

These  areas    were  obtained  by  placing  two  cylinders  in  contact, 
their  axes  being  at  right  angles.     The  volumetric  distortion  for  each 


PLATE    XXXIX. 

TRANS.  AM.  SOC.  CIV.  ENQRS. 

VOL.  XXXII,  No.  732. 

JOHNSON  ON   FRICTION   ROLLERS. 


Impressions  ox  Worn  Iron  Eall.    Top  Kadits,  11  Ins.     Ftxll  Size. 

Direction  along  the  Rail. 
10  000  lbs. 


(    I 


Steel  Driver,  44 
ins.  diam.  Flat 
tread. 


Steel  Driver,  44 
ins.  diam.  Much 
worn.  Ead.  giroove 
10  ins. 


CZ)C3  ^ZD 


1 —    —    — — 

15  000  lbs. 

1  CDC^e:) 

1 

1 

20  000  lbs. 

1 
L 

-     -i 

10  000  lbs. 

lO  £>  C3 

1 

^1 

15  000  lbs. 


20  000  lbs. 


cz:) 


5  000  lbs.   10  000  lbs. 


20  000  lbs. 


ioo 


CD 


Chilled     Wheel,         )  30  000  lbs.       40  000  lbs. 

33  in.  diam.    New. 


PLATE   XL. 

TRANS.  AM.  SOC.   CIV.   ENQRS. 

VOL.  XXXII,  No.  732. 

JOHNSON  ON   FRICTION    ROLLERS. 


Jl 


P 

o 


< 


H 

02 


£     I 


I   . 
I 

I 
I 
I    o 


I  i 
I 


steel  Driver,  44  ins. 
diam.     Flat  tread. 


^ J- 

Cliilled  Wheel,  33  ins.    j 
diam.     New.  Jj 


PLATE  XLI. 

TRANS.   AM.  SOC.  CIV.    ENGRS. 

VOL.   XXXII,    No.   732. 

JOHNSON  ON   FRICTION   ROLLERS. 


Hi 
P 


o 


P5 


o 


steel  Driver,  44  ins.    5 
diam.     Flat  tread.        5 


Chilled  Wheel,  33  ins.    5 
diam.     New.  "^ 


PLATE   XLII. 

TRANS.   AM.   SOC.   CIV.   ENQRS. 

VOL.   XXXII,  No.   732. 

JOHNSON   ON   FRICTION   ROLLERS. 


DISCUSSION    ON   FRICTION    ROLLERS.  273 

of  the  surfaces  in  this  case  is  fairly  represented  by  the  segment  of  a 
paraboloid.  A  projierty  of  the  segment  of  a  paraboloid  is  that  the 
maximum  ordinate  is  twice  the  mean  ordinate,  or,  in  other  words,  the- 
vohime  of  the  segment  is  one-half  the  enclosing  cylinder.  This  fact 
authorizes  the  statement  made  above,  that  the  maximum  distortion  at 
the  centers  of  these  areas  of  contact  is  twice  the  average  distortion, 
and  hence  the  maximum  stress  is  twice  the  average  intensity  of  stress 
as  above  stated. 

I  have  withheld  these  observations  from  publication,  thinking  I 
might  be  able  to  find  a  rational  analysis  of  the  problem  explaining  the 
distribution  of  stress  and  this  law  of  area  of  contact.  If  Professor 
Marston  will  develoj)  the  analysis  leading  to  his  conclusion  concerning 
the  area  of  contact  for  a  cylinder  upon  a  jalane  for  distributed  stress 
as  given  by  him  ou  page  122,  following  equation  (15),  and  will  then 
adapt  the  analysis  to  two  cylinders  in  contact,  he  Avill  have  furnished 
the  requisite  theoretical  explanation  of  the  areas  given  in  Plates  XXXIX, 
XXi  and  XLI,  and  may  be  able  to  explain  the  law  of  variation  of  area 
of  contact  with  load,  as  shown  in  Plate  XLII.  A  simpler  case  to  work 
out  would  be  that  of  a  sphere  upon  a  plane,  and  the  analysis  of  this  case 
would  doubtless  be  very  nearly  applicable  to  the  case  of  two  cylinders 
crossing  each  other.  The  analysis  of  these  two  cases,  namely,  a  cylinder 
Tipon  a  plane,  and  a  sphere  upon  a  plane,  considering  the  stress  dis- 
tributed over  the  areas  of  contact  according  to  the  laws  of  the  para- 
bola and  of  the  paraboloid,  with  due  allowance  for  the  distribution  of 
the  stress  through  the  body  of  the  roller,  according  to  the  laws  already 
determined  by  Professor  Marston,  would,  I  believe,  show  a  close  agree- 
ment between  the  computed  and  the  actual  areas  of  contact  and  would 
serve  as  the  last  word  on  this  subject  from  the  mathematical  point  of 
view\  As  the  iDaj^er  stands,  however,  it  contains  no  such  theoretical 
analysis.  I  venture  to  hojje  that  Professor  Marston  will  supplement  his 
l^aper  with  the  true  analysis  of  this  j^roblem. 

A.  Mahstox,  Assoc.  M.  Am.  Soc.  C.  E.  — A  copy  of  the  paper  in  the 
"Physical  Review,"  referred  to  by  Mr.  Hutton,*  was  sent  to  the 
Society  some  months  since. 

The  formula  quoted  by  Mr.  Hutton  from  Eesal  is  the  particular 
form  of  the  Grashof  formula  referred  to  in  this  paper  at  the  commence- 
ment of  the  discussion  of  formula  (14).    The  assumption  that  the  value 

*  Transactions,  Vol.  XXXII,  page  127. 
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of  the  maximum  pi-essure  at  the  elastic  limit  is  30  000  lbs.  per  sqiiare 
inch  for  steel  on  steel  may  be  compared  with  Professor  Johnson's  con- 
clusion, arrived  at  by  actual  measurement  of  the  areas  of  contact,  that 
the  maximum  pressure  in  the  case  he  cites  was  160  000  lbs.  per  square 
inch. 

With  regard  to  the  assumption  made  in  this  paper  that  the  stresses 
and  displacements  in  plates  and  rollers  are,  except  very  near  the  area 
of  contact,  the  same  as  if  the  loads  were  applied  along  a  line  instead 
of  over  an  area  of  contact,  it  may  be  said  that  this  assumption  is  en- 
tirely similar  to  the  one  always  made  in  the  common  theory  of  beams, 
that  the  stresses  are  the  same  as  if  the  concentrated  loads  were  applied 
at  mathematical  points.  The  correctness  of  this  assumption  was  enun- 
ciated by  Saint  Venant,  has  been  proved  by  Boussinesq,  and  may  be 
considered  as  well  established. 

The  writer  is  satisfied  that,  owing  to  the  way  in  which  the  load  is 
distributed  over  the  area  of  contact,  the  forms  of  the  surfaces  of  the 
roller  and  plate  under  strain  will  be  so  nearly  the  same  as  indicated  by 
equations  (5)  and  (11)  up  to  the  very  edge  of  the  area  of  contact,  that  the 
use  made  of  the  above  principle  in  deriving  a  correct ybrm  for  the  em- 
pirical equation  (15)  for  the  area  of  contact  is  perfectly  legitimate. 
This  conclusion  was  strengthened  by  the  fact  that  Professor  Johnson 
has  derived  this  equation  empirically  from  the  results  of  the  experiments 
of  Professors  Crandall  and  Wing  and  that  his  values  for  the  constant 

K Sixe.  ne&v\j  proportional  to  the      j^/-  +  ^o  of   equation    (15).*      More- 


over  the  writer  checked  this  assumption  by  computing  the  value  of  x 

for  which  — ^  for  the  ])late  equals  -r—  for  the  roller  (*.  e.,  at  the  edge  of 
d  X  ax 

the  area  of  contact),  for  the  common  assumption  that  the  stress  is  dis- 
tributed over  the  area  of  contact  according  to  the  law  of  the  parabola. 
The  result  of  this  analysis  was  given  in  the  paper,  but  the  analysis  it- 
self omitted,  because  complicated,  and  because  we  have  no  knowledge 
that  this  distribution  of  the  stress  is  the  true  one.  The  analysis,  how- 
ever, is  presented  here,  at  Professor  Johnson's  request,  as  follows : 

The  assumed  distribution  of  stress  is(?  =  ir  —  (  1 ;))   'svhere 

n  \  a^  / 

Q  is  the  stress  at  any  point  of  the  area  of  contact,  and  the  other  sym- 

*  See  "Framed  Structures,"  page  277. 
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l)ols   are   tlie  same  as  those  used  in    deriving   equation  (15).     From 
eqiaations  (5)  and  (11)  it  can  be  shown  that  the  variable  part  of  the 
vei-tieal  displacement  at  a  point  .Cj,  on  the  surface  of  either  plate  or. 
roller,  caused  by  the  forces  G  dx  ajiplied  at  -f  a:  and  —  x,  is  rf  c  =  — 

-  Gdx  log.  (.^i*  —  x-f,  where  c  ^  (1  —  <?)  Jl  +  ^)_    ^.e^ice  the  total  dis- 

placement — 

^cW   fa  /  ^        a?\,         .    ,         ,,    ,  3  c  IT 


[ 


-  „      ^  r(i-  Vj  log.  (cc,'  -  aP)  dx,  =  - 

2,na  J   o  \  a'/  'Z  na 

c  log.  (.6-/— x-j  —  2  .r  +  X,  log.   ^— — .  —  g-^  log.  (.^1-  —  x^)  +  9^2  + 

=  -  -l^r  (2  ^'  +  3«'  '^1  -  ^i')  l«g-   (-^1  +  «)  +  (2^'  -  3^''  -^i 

+  ■'•h  log.  (.ri  —  a)  +  2a  .rf g-a^  J 

Dropping  the  subscripts  we  may  compute — 


fix 


^\^(a^-x-)lo^.^±^  +  e>ax\ 
n  a^    \-  '      ^    X  —  a  J 


At  the  edge   of  the  area   of  contact  we  have  x  =  a,   and    the  above 
becomes — 

dv  _      3cTF 

dx  %  a' 

Now  — -—  ==:  — f-  for  the  plate,  but  for  the  roller  we  must  subtract  it 
dx         (Iv 

—  1x  t\ 

from       — —    (the  surface  of  the  roller  before  strain  being  y  =  —  —  ) 

Hence  at  the  edge  of  the  area  of  contact,  where  -~-  f or  the  i)late  =  — ^ 
^  dx  '■  dx 

for  the\oller,  we  shall  have — 

3  c„  TF       3c.  W        2a       . 

=  — ■ r-,  whence 

Tt  a  n  a  d 


''=^/|x^'''4^''^''• 


(Note  that  a  is  one-half  the  width  of  the  area  of  contact. ) 
The  value  indicated  by  this  analysis  for  the  constant  ^of  equation 
(15)    would  be  .000366  for   the   writer's    exjjeriments,  assuming  that 
6  =  \,  and   remembering   that  E  for  this    case   is   by   measurement 
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27  300  000  lbs.  jjer  square  inch.  Prof.  Johnson  concluded  from  an 
examination  of  Crandall's  and  Wing's  experiments  that  A*  should  be 
.00055;  but  those  experiments  probably  gave  too  large  results, 
because  at  what  the  eye  called  the  edges  of  the  area  of  contact,  the 
tallow  films  must  have  had  some  appreciable  thickness.  The  follow- 
ing observations,  just  made  by  the  writer  with  the  16-in.  roller  used  in 
these  experiments,  indicate  that  the  theoretical  value  of  K  given  above 
is  apijroximately  correct. 

Obsekved  and   Theoketicax  Vajgues   of  Akea  of  Contact  Between 
16-1n.  Eoli/EK  and  Plate. 


Width  of  area  over  which 

Theoretical  width  of  area 

Load  per  lineal  inch 

light  could  not  be  seen 

Corrected  width  of 

of  roller. 

between      roller     and 

area  of  contact. 

plate. 

A  =  .000366   V  ^Vd. 

Pounds. 

Inches. 

Inches. 

Inches. 

0  + 

005 

0.00 

0.000 

1000 

0.10 

0.05 

0.046 

2  000 

0.12 

0.07 

0.065 

3  000 

0.14 

0.09 

O.OHO 

4  000 

0.15 

0.10 

0.093 

5  000 

0.15 

0.10 

0.103 

6  000 

0  16 

0.11 

0.111 

The  numbers  in  the  third  column  of  the  above  table  were  derived 
by  subtracting  from  those  in  the  second  column  the  area  over  which 
the  light  could  not  be  seen  when  the  pressure  was  zero. 

Two  observations  for  the  10-in.  roller  gave  similar  results. 

In  conclusion  the  writer  desires  to  call  attention  to  two  poiht.s  in 
connection  with  the  formulas  developed  in  this  paper. 

The  first  is  that  all  the  stresses  at  corresponding  points  in  difterent 
rollers  are  inversely  proportional  to  the  diameters  of  the  rollers.  This 
may  readily  be  proved  by  substituting  in  equation  (11)  the  values 
X  =.  ar,  and  y  =  h  r  [a  and  b  being  constants  independent  of  ;•)  which 
X  and  y  would  have  at  such  points.  This  fact  confirms  the  conclusion 
that  the  safe  loads  on  rollers  are  directly  projjortional  to  their 
diameters. 

The  second  point  is  that  the  value  of  Q^,  in  equation  (6)  furnishes 
a  means  for  determining  what  thickness  of  bed  plate  under  the  friction 
rollers  at  the  end  of  a  bridge  will  meet  with  suflficient  exactness  the 
common  requirement  of  bridge  specifications  that  "the  bed  plates 
shall  be  thick  enough  to  distribute  the  pressure  uniformly  over  the 
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masonry."  If  TFbe  the  load  per  unit  of  length  on  the  roller,  /  the 
thickness  of  the  plate,  x  the  perijendicular  horizontal  distance  from 
any  point  on  the  lower  surface  of  a  bed  plate  to  a  vertical  plane  passed 
through  the  axis  of  the  roller,  and  Q,„  he  the  normal  pressure  on  the 
masonry  at  that  point  caused  by  the  roller  in  question,  then — 

Q'n  =  —  i^^Zf-ty (19) 

The  total  j^ressure  on  the  masonry  at  the  point  in  question  can  be 
found  by  adding  the  values  of  §^  for  the  separate  rollers,  but  usually 
only  the  nearest  one  need  be  considered.  This  maximum  pressiu-e 
should  not  exceed  a  safe  bearing  value,  which,  however,  may  be  larger 
than  the  one  specified  when  it  is  assumed  that  the  jiressure  is  uni- 
formly distributed.  It  might  be  specified  that  the  maximum  pressure 
should  not  exceed  the  average  pressiu-e  by  more  than  a  certain  per  cent. 
Computations  on  this  basis  will  be  found  to  encourage  the  use  of  thick 
bed  plates. 
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HOISTING   APPARATUS   OF   THE  CANAL   HEAD- 
GATES  AT  SEWALL'S  FALLS,  N.  H. 


By  John  E.  Freeman,  M.  Am.  Soc.  C.  E. 
Read  at  the  Annual  Convention,  June,  1894. 


WITH  DISCUSSION. 


These  head-gates  are  of  interest  from  their  large  size  and  from  the 
comparative  ease  and  rapidity  with  Avhieh  they  gan  be  I'aised  or  lowered 
by  the  hand-power  of  one  man. 

They  were  built  between  one  and  two  years  ago  from  the  designs 
of  the  writer,  and  have  but  very  recently  been  brought  into  practical 
use,  and,  so  far  as  yet  tested,  appear  to  meet  the  conditions  with 
success. 

Although  these  sluiceways  as  a  whole  are  but  a  modest  structure, 
not  so  extensive  or  so  elaborate  in  finish  as  many  others,  the  arrange- 
ment for  lessening  the  friction  of  each  gate  is  novel,  and  the  gates  are 
the  largest  similar  gates  in  a  single  leaf  with  which  the  writer  is 
acquainted. 

They  are  situated  at  the  head  of  a  water-i^ower  canal  recently  con- 
structed at  Sewall's  Falls,  on  the  Merrimack  River,  four  miles  above  the 
city  of  Concord,  in  New  Hampshire. 
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They  adjoin  a  timber  crib-dam,  500  ft.  long,  16  ft.  liigli,  erected 
from  designs  of  Edwin  F.  Smith,  M.  Am.  Soc.  C.  E.,  which  is  an 
unusually  interesting  example  of  the  very  best  grade  of  rock-filled 
timber  crib-dam  on  gravel  bottom. 

It  is  designed  that  ultimately  the  whole  ordinary  flow  of  the  Merri- 
mack Eiver  shall  pass  through  these  gates  to  furnish  power  on  mill 
sites  lying  between  the  canal  and  the  river. 

The  natural  flow  of  the  river  at  this  point,  reinforced  by  the  ordi- 
nary draft  from  the  great  storage  reservoii's  of  Winnipiseogee,  amounts 
during  the  dry  season  of  the  year  to  about  1  000  c\\.  ft.  per  second  for 
the  24  hours.  There  will  ultimately  be  considerable  night  storage  in 
the  pond  formed  by  the  dam,  and  at  the  hours  of  maximum  work,  or 
when  water  is  plenty  and  the  head  is  reduced  by  back  water,  the  draft 
through  the  gates  may,  perhaps,  sometimes  be  2  000  or  even  3  000 
cu.  ft.  per  second. 

The  floor  of  the  sluiceways  is  10  ft.  below  the  present  crest  level  of 
the  permanent  dam,  and  the  top  of  the  archway  is  level  with  the 
crest  line  of  the  present  flashboards. 

The  permanent  dam  may,  at  some  future  time,  be  increased  1  or  2 
ft.  in  height,  and  possibly  3  ft.  more  may  be  added  by  flashboards. 
The  greatest  freshet  known  along  the  Merrimack  River  for  the  past 
century  would  flow  10  ft.  deep  over  the  crest  of  the  permanent  dam. 

The  canal  walls  are  carried  to  a  greater  height  above  the  ordinary 
Avater-level  of  the  pond  than  is  customary.  This  was  done  for  the 
purpose  of  allowing  water  to  be  carried  high  in  the  canal  during 
freshets,  and  thus  ofi"setting  to  some  extent  the  loss  of  j)ower  due  to 
back  water.  This  arrangement  was  suggested  by  H.  F.  Mills,  C.  E., 
iinder  whose  supervision  the  original  surveys  for  the  development 
of  this  jjower  were  made  about  twelve  years  ago. 

Figs.  1  and  2  show  the  general  arrangement  of  the  sluiceways. 

No  ledge  exists  at  this  point,  and,  instead  of  the  firm  stratum  of 
gravel  which  we  had  hojDed  to  find  at  the  bottom  of  the  excavation,  a 
Ijocket  of  quicksand  was  found.  It  was  by  reason  of  the  doubtful 
character  of  the  earth  that  the  writer  adopted  the  form  of  structure 
herein  shown. 

The  foundation  was  enclosed  on  all  four  sides  with  tongued  sheet 
piling,  as  shown  in  Figs.  1  and  2.  This  was  6  ins.  thick,  about  16  ft. 
long,  or  driven  as  far  as  the  steam  pile-driver  could  force  it,  and  the  top 
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of  this  piling  was  held  so  it  could  not  spread,  and  thus  allow  the  sand 
within  to  escape.  Resting  on  this  sheet  piling  and  locking  over  its  top 
was  a  3-ft.  floor  of  old  railroad  rails  and  concrete,  which  in  turn  was 
stiffened  by  the  stone  piers  above,  acting  as  ribs  over  this  floor,  and,  as 
a  few  other  steel  rails  were  inserted  as  ties  in  the  masonrv  above  the 


Carriage  Road  crtflsins  Canal, 
4' Tar  Poncrete 
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Top  of  Canal  Wall 


I 
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arches,  the  whole  mass  of  masonry  composing  the  shiices  is  expected 
to  prove  rigid  as  a  monolith,  and  any  settlement  cracks  are  believed 
to  be  an  impossibility. 

Steel  rails  imbedded  in  concrete  form  a  most  excellent  structural 
material  for  works  of  this  class,  and  the  writer  has  in  several  instances 
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felt  very  grateful  to  the  engineers  of  Chicago  for  calling  attention  so 
conspicuously  to  its  merits  by  their  remarkable  foundations. 

Wing  walls  of  cement  masonry  resting  upon  lines  of  sheet  piling, 
carried  down  to  a  depth  as  great  as  could  be  conveniently  driven,  were, 
of  course,  extended  out  transversely  to  the  axis  of  the  canal  for  a  con- 
siderable distance  on  either  side  of  the  sluiceway. 

A  plank  apron,  to  resist  scour,  extends  25  ft.  up  stream  from  the 
gates,  with  3-iu.  sheet  piling  driven  6  ft.  deep  across  the  channel  at  its 
up-stream  end.  A  plank  floor  was  designed  to  extend  down  stream  from 
the  concrete  floor  to  a  distance  of  180  ft.  from  the  gates.  The  writer 
did  not  supervise  the  construction  of  any  part  of  the  work,  and  has 
been  told  that  this  plank  flooring  was  modified  and  decreased  by  those 
in  charge. 

The  method  of  construction  of  the  iron  ties  and  girders  within  the 
concrete  floor  was  as  follows : 

A  6-in.  layer  of  English  Portland  cement  concrete  was  spread 
and  well  rammed  over  the  whole  site  of  the  sluices  ;  on  top  of  this 
a  course  of  rails,  placed  on  their  natural  bed,  located  1  ft.  apart  on 
centers  and  extending  the  whole  distance  of  76  ft.  transversely  to  the 
sluiceways.  Then  the  spaces  between  were  filled  by  a  layer  of  concrete, 
and  other  courses  of  rails  at  right  angles  to  the  first  were  placed, 
running  along  under  the  edges  of  each  pier.  The  outer  ends  of  these 
rails  were  bent  down,  to  hook  over  the  guide  timber  of  the  piling  and 
prevent  any  chance  for  the  bulging  out  or  spread  of  this  piling  ;  then 
another  6-in.  layer  of  concrete,  and  then  another  course  of  rails  run- 
ning transversely  to  the  sluices,  but  2  ft.  apart  on  centers;  then  two 
more  layers  of  concrete,  and  then  another  layer  of  rails  close  to  the 
top  of  the  floor,  laid  bottom  up,  12  ins.  apart  on  centers,  and  flush  with 
the  flooring  of  concrete,  which  was  rammed  in  between  them. 

The  large  proportion  of  iron  which  shows  on  the  surface  of  this 
sluiceway  floor,  and  the  firmness  with  which  the  concrete  locks  in  be- 
tween the  rails,  gives  a  floor  which  it  is  believed  will  withstand  almost 
indefinitely  the  scour  from  the  swift  current  which  at  times  rushes 
under  the  gates. 

This  mass  of  iron-ribbed  concrete  gave  an  excellent  bearing  and 
support  for  the  narrow  granite  piers  betAveen  the  sluices,  and  the  com- 
puted resriltant  pressure  of  a  full  pond  with  an  empty  canal,  combined 
with  the  weight  of  masonry,  falls  within  a  base  well  suited  to  support 
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it,  and  which  has  furthermore  a  large  margin,  to  take  care  of  the  in- 
computable stress  from  ice  thrust. 

The  sluices  are  of  rather  coarsely  dressed  squared  gi-anite  blocks 
laid  in  Portland  cement. 

Brick  arches  laid  in  Portland  cement  were  used  to  cover  the  sluice- 
ways, and  imbedded  in  the  masonry  over  these  arches  four  more  lines 
of  old  railroad  iron  were  run,  the  outer  ends  of  these  being  hooked 
down  and  adjacent  ends  strongly  spliced,  so  that  the  whole  masonry 
should  be  tenaciously  bound  together. 

A  comparatively  small  amount  of  cut  granite  was  used,  hardly  any, 
except  in  the  thin  jners,  the  gate  seats  and  the  gearing  bedstones, 
nearly  everything  being  built  from  irregular  waste  stones,  or  "  quarry 
gi'out,"  from  the  celebrated  Concord  granite  quarries,  which  are  about 
two  miles  distant. 

It  was  intended,  however,  that  much  care  should  be  taken  in  laying 
and  bonding  these  irregular  stones. 

The  sill  on  which  the  gates  shut  and  the  edge  of  which  forms  one 
blade  of  the  powerful  shears,  intended  not  to  be  impeded  by  stray 
twigs  of  driftwood,  is  a  massive  girder-shajjed  iron  casting,  firmly  im- 
bedded in  the  concrete  and  extending  under  the  piers.  This  is  not 
machine-planed,  but  was  cast  with  the  foundryman's  best  effort  to  se- 
cure true  form  and  smooth  surface.  The  cast-iron  pier  faces,  against 
which  the  iron  face-plMes  of  the  main  gates  slide  up  and  down,  were 
also  not  planed,  but  the  foundryman's  skill  was  relied  on  to  prodixce 
surfaces  reasonably  smooth  and  straight.  At  the  top  of  the  sluice  the 
brick  arch  is  faced  by  a  cast-iron  segment  firmly  imbedded  in  the 
masonry. 

Money  was  scarce  for  the  large  enterprise  in  hand,  audit  was  imper- 
ative that  the  design  be  such  that  the  cost  should  be  the  absolute 
minimum  consistent  with  safety  and  efficiency. 

The  actual  cost  for  all  of  the  excavation,  sheet  piling, 
old  rails,  concrete  flooring,  brick  arching,  cut 
granite,  and,  in  short,  for  everything  within  the 
limits  shown  in  Figs.  1  and  2,  except  the  gates 
themselves  and  their  hoisting  rigging,  and  lying 
within  the  area,  about  30  x  80  ft. ,  occupied  by  the 
sluiceways  projier,  was  about .f  15  000  00 
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The  cast-iron  pier  faces  for  gates  to  slide  against,  sills 
and  arch  faces,  including  bolts,  cost,  for  each  gate 
erected  in  place,  about ^200  00 

And  are  included  in  the  total  on  page  283. 

Each  gate  with  its  trucks,  paddle-gate,  hoisting  rig- 
ging, gearing,  pillow,  blocks  and  fittings,  all 
erected  and  complete  in  place,  cost,  about 700  00 

All  of  which  amounts,  it  may  be  remarked,  were  inside  the  pre- 
liminary estimates.  The  effort  in  the  design  was  to  reduce  everything 
to  the  lowest  terms  consistent  with  prudence  and  safety,  and  to 
design  the  iron-work  so  that  the  pattern-maker  and  the  moulder  should 
do  most  of  the  manual  labor  upon  it,  leaving  as  little  as  possible  for 
the  machinist  to  do;  and  the  cost,  as  stated  above,  may  certainly  be 
regarded  as  moderate  for  a  work  of  this  kind  and  size. 

Each  gate  has  a  clear  width  of  10  ft.,  and  a  clear  height  of  12  ft., 
from  sill  to  top  of  arch. 

The  feature  of  special  interest  and  the  sole  inotif  for  this  paper  is 
the  method  of  reducing  the  sliding  friction  of  the  gate  and  bringing  it 
within  the  strength  of  one  man  to  lift  or  lower  a  gate  quickly.  We 
will,  therefore,  cull  out  from  the  dozen  sheets  of  detail  drawings  enough 
to  make  the  outlines  of  the  apparatus  clear,  and  to  illustrate  the  method 
of  its  operation. 

The  writer  had  previously  made  an  essay  in  reducing  friction  waste 
on  a  gate  iinder  a  heavy  load  at  the  Nashua  wasteway,  described  in  a 
previous  paper,*  and  for  a  time  considered  adopting  there  the  wedge- 
track  method  here  followed,  but  was  drawn  aside  from  doing  so  by 
certain  considerations  of  no  present  importance. 

The  pressure  which  these  gates  at  Sewall's  Falls  must  always  stand 
ready  to  carry  and  work  under,  with  .an  empty  canal  and  pond  swoDen 
by  summer  rains,  amounts  to  about  40  tons  against  each  gate.  A  pru- 
dent manager  would  not  empty  the  canal  during  an  extreme  freshet, 
and,  although  the  factor  of  safety  would  cover  the  stresses  thus  intro- 
duced, they  may  be  dismissed  from  the  present  discussion. 

Extended  exiieriments  by  Hiram  F.  Mills,  Civil  Engineer  (unjjub- 
lished),  have  shown  that  values  given  by  eminent  authorities  for  the 
friction  of  cast  iron  on  cast  iron  without  any  oil  for  a  lubricant,  and 


*  Trans.  Am.  Soc.  Mechanical  Engineers,  Montreal  Meeting,  1894. 
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repeatedly  quoted  in  the  various  books  of  engineering  data,  are  too 
low,  the  iron  then  under  experiment  pi'obably  not  having  been  abso- 
lutely free  from  oil,  and  considering  that  we  here,  from  motives  of  cost, . 
relied,  not  upon  machine-planed  surfaces,  but  upon  excellent  foundry 
work,  with  good  plumbago  foundry  facing  to  make  the  contacting  sur- 
faces of  our  slide  plates  smooth,  it  is  probable  that  the  frictional  resist- 
ance to  moving  the  gate,  together  with  three  tons  for  the  weight  of  the 
submerged  gate  and  its  attachments,  might,  wdth  an  empty  canal,  be  as 
high  as  twenty  tons. 

It  should  be  possible  to  shut  any  canal  head-gate  with  a  high  river 
on  the  up-stream  side  and  an  empty  canal  below,  for  if  a  washout 
or  serious  break  occurs,  how  else  is  the  flood  to  be  quickly  con- 
trolled? 

Here,  we  may  be  pardoned  for  remarking  that  the  existing  head- 
gates  with  gearing  and  mountings  sufficiently  powerful  to  fill  this 
requirement  are  very  rare. 

We  made  this  gate  go  easy  by  carrying  it  upon  the  four  cast-iron 
trucks  as  shown  in  Fig.  1.  These  trucks  are  18  ins.  diameter,  and 
run  on  a  cast-iron  track  formed  in  the  same  piece  with  the  pier-face. 

During  the  entire  time  when  the  gate  is  raised  from  its  sill,  the 
pressure  is  carried  upon  these  trucks.  When  the  gate  is  entirely 
closed,  these  trucks  are  thrown  out  of  commission  by  a  sloping  de- 
jDression  of  about  half  an  inch  in  the  tracks  upon  which  they  run, 
which  allows  the  gate  to  drop  back  into  close  contact  with  the  faces 
of  the  pier  and  sill.  These  wedge-like  inclines  in  the  track  are  shown 
at  w  and  x  (Fig.  1). 

Suppose  the  gate  now  to  be  closed,  and  that  we  start  to  hoist  it. 
At  first  it  will  start  with  no  less  of  an  upward  pull  than  the  ordinary 
gate,  biit  by  the  time  it  has  (by  one  minute's  use  of  a  long  lever,  inserted 
in  the  notched  wheel  M,  Fig.  5,  instead  of  the  hand  crank)  been  labor- 
iously raised  from  1  to  2  or  3  ins. ,  the  wedge-shaped  incline  on  the 
rail  under  each  of  the  four  trucks  will  have  brought  these  trucks 
to  a  fii-m  bearing  on  theii-  rails,  and  the  face  of  the  gate  will  be  lifted 
up  stream  i  in.  or  ^  in.  away  from  sliding  contact,  and  sliding  friction 
will  have  disappeared,  and  thenceforth  the  progress  of  the  gate  ^ill 
be  rapid  and  easy. 

Should  one  fear  that  drift  matter  may  lodge  between  the  gate  and 
the  pier,  and,  by  holding  the  gate  off  its  seat,  cause  leakage  when  it  is 
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shut,  we  may  remind  him  of  the  powerful  grinding  action  of  the  iron 
plates  when  moved  under  this  great  pressure  uison  the  pieces  of  foreign 
matter,  which  would  quickly  reduce  them  to  powder. 

These  wedge-shaped  depressions  of  the  truck  rail  are  -f%-in.  for  the 
upper  pair  (at  w,  Fig.  1),  and  -ur-in-  ior  the  lower  pair  of  trucks  (at  .c, 
Fig.  1),  these  being  so  proportioned  in  order  that  no  tendency  to  move 
the  gate-start  up  stream  or  down  stream  would  exist  at  the  point  where 
it  engages  with  the  pinion. 

In  other  words,  the  gate-start  swings  or  pivots  about  the  pinion, 
when  the  trucks  mount  the  wedge-shaped  lifts  upon  their  tracks. 

These     trucks     may 

have  to  carry  each  a  10- 

.  ^^    ton  load,  and  their  axles, 

~-       :-  \:       j     i    -     1  j    T^ 

==^-l-^;^-^|;  A'    ''  n--  to  Withstand  so  great  a 

cross     strain,    must    be 


Cast  Iron  pier  fa^ 
"l  c'l  I'Anglc  i 

hokkugtborgaw  massive  and  strongly  se- 
cured to  the  framework 
of  the  gate.     These  axles 
Fig.  3.  and      connections     are 

shown  in  outline  in  Fig.  3.  It  will  be  observed  that  the  gate-starts, 
so-called,  or  the  massive  handles  by  which  the  gate  is  pulled  up  or 
pushed  down,  are  so  connected  to 
these  axles  as  to  distribute  the  stress, 
and  that  the  angle  iron  edge  of  the 
gate  gives  it  further  stiffness. 

The  5-in.  axle  in  an  18-in.  wheel 
would,  without  special  appliances, 
in  turn  have  a  good  deal  of  friction, 
being  under  water  where  oOing  is 
impossible,  and  where  fine  sand  in  the  water  sometimes  abounds.  We, 
therefore,  introduced  between  the  axle  and  the  truck,  the  roller  bearing 
8ho^\-n  in  Figs.  3  and  4. 

These  rollers  are  of  Tobin  bronze  rod,  1  in.  diameter,  turned  down 
to  a  t-in.  neck  at  each  end,  to  form  a  journal,  which  rests  in  a  corre- 
sponding hole  in  a  brass  ring  or  collar,  thus  holding  the  several  rollers 
in  projjer  relation  to  each  other.  Their  working  face  is  4  ins.  long, 
and  there  are  18  in  a  nest. 

Passing  now  to  the  toj)  of  the  structure,  the  gearing  is  shown  in 
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outline  in  Fig.  2.      The  worms  are  shown  on  a  larger  scale  in  Figs.  5 
and  6. 

Each  worm  was  cut  from  a  solid  shaft  of  forged  machinery  steel  4" 
ins.  in  diameter.  Since  the  worm  tooth  engages  with  a  cast-iron  tooth 
of  the  worm  wheel,  and  since  the  short  time  of  working  will  produce 
slight  wear  on  the  worm,  we  favored  the  weaker  metal  by  making  the 
■ssTOUght  steel  worm  tooth  one-eighth  thinner  than  the  cast-iron  gear 
tooth,  desiring  to  add  all  that  was  possible  to  the  strength  of  the  cast 
tooth,  because  worm  Avheels  on  gate  hoists  are  so  often  found  with 
broken  teeth. 


It  will  be  noticed  that  the  worms  have  a  much  smaller  diameter 
than  the  time-honored  custom  of  old  millwrights  would  call  for  ;  and 
by  so  simple  an  expedient  as  reducing  this  diameter,  bringing  the  fric- 
tion nearer  the  center  and  getting  a  gi-eater  leverage  on  this  friction 
with  the  crank,  we  save  about  half  the  friction  found  in  the  majority 
of  worm-gear  gate  hoists. 


This  worm  has  a  diameter  at  pitch  circle  of  gear  of  only  twice  its 
pitch  (or  more  exactly,  diameter  of  bottom  of  thread  is  2t«  ins. ; 
diameter  at  top  of  thread,  4  ins. ;  diameter  at  pitch  line  of  wheel, 
3i  ins. ;  pitch,  1|  ins.,  and  angle  of  advance,  nearly  15^),  but  it  works 
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in  an  entirely  satisfactory  manner,  notwithstanding  its  sharp  angle  of 
advance.  The  only  trouble  thus  far  found  is  that  the  worm  wheel 
arms  are  not  so  stiff  as  they  ought  to  be  in  a  direction  parallel  to  the 
axis.  Therefore,  when  the  worm  is  not  proj)erly  lubricated,  or  when 
working  under  a  heavy  load,  the  rim  of  the  worm  wheel  springs  off  to 
one  side  a  little,  under  the  drag  of  the  worm,  and  then  jumps  back. 


Klg.  8. 

In  another  design  the  spokes  of  the  worm  wheel  ought  to  have  stiff 
ribs  added  to  the  rather  thin  section  shown  in  Fig.  8,  to  prevent 
sidewise  distortion. 
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To  retain  sufficient  torsional  strength  Tvith  this  small  diameter, 
we  had  to  call  the  worm  screw  thread  itself  into  play  ia  adding  to  the 
torsional  strength  of  the  shaft,  and  therefore  at  the  crank  end  of  the 
worm  the  screw  thread  starts  in  from  the  i-in.  cylinder  without  any 
notch,  as  shown  in  Figs.  5  and  6,  instead  of  beginning  the  cut  from  a 
notch,  cut  straight  around,  as  is  more  common  machine-shop  practice. 

As  a  further  means  of  relieving  friction,  and  as  a  respectful  recog- 
nition of  the  fad  for  ball-bearings  which  is  abroad  in  the  land,  we 
worked  in  quite  a  number,  as  shown  in  Fig.  5,  in  small  scale,  or  more 
in  detail  in  Fig.  6,  and  we  firmly  believe  them  to  be  a  very  valuable 
acquisition  for  this  kind  of  work. 

The  balls  A  take  all  the  thrust,  and  B  and  C  the  side  load.  They 
are  inserted  by  unscrewing,  for  the  moment,  the  pings  D,  which  were, 
of  course,  in  place  when  the  cylinder  and  the  ball  channels  were  bored 
out.  The  hole  E  affords  drainage.  It  will  be  noted  that  the  boring 
work  is  of  a  simple  kind,  cheaply  done. 

The  balls  themselves  are  inexpensive  (these  balls,  1  in.  in  diameter, 
cost  about  ^2  50  per  dozen).  As  will  be  seen  from  the  drawing 
these  bearings  may  stand  out  in  the  weather  and  run  small  chance  of 
damage  from  rust  or  ice  ;  moreover,  they  start  easily  in  a  sudden 
emergency,  although  oiling  has  been  long  neglected,  and  what  is  note- 
worthy, considering  their  many  advantages,  these  ball-bearings  cost 
only  a  very  little  more  for  shop  work  than  the  simplest  ordinary  form 
of  babbitted  journal. 

Trouble  from  lack  of  long-wearing  qualities  does  not  arise  in  this 
class  of  mechanism  ;  it  moves  so  slowly  and  so  comparatively  seldom, 
or  is  in  motion  for  such  short  periods. 

Broken  pinions  and  rack-teeth  are  so  common  on  heavy  gate  hoists 
that  we  may  be  pardoned  for  presenting  such  simj^le  machine  details 
as  shown  in  Figs.  7  and  8,  which  exhibit  the  forms  and  dimensions  of 
those  designed  for  this  work. 

This  involute  rack-tooth,  with  its  great  thickness  at  the  root  and  the 
pinion  shrouded  at  both  ends,  gives  a  strength  ample  for  any  computed 
stress  due  to  the  use  of  the  gate,  and  a  fair  margin  for  such  abuse  as  is 
sure  to  come  once  in  a  while  when  things  are  ice-bound,  or  a  piece  of 
water-logged  driftwood  gets  under  the  gate.  As  has  been  said, 
P -f  "Pat.''  must  then  be  the  value  for  use  in  our  formula  for  stress 
instead  of  P  alone,  as  given  by  the  books. 
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Fig.  7  thus  registers  the  writer's  estimate  or  guess  of  the  fair  allow- 
ance to  he  made  for  "  Pat." 

The  holes  D  are  to  allow  water  from  rain  or  melting  snow  to  escape, 
and  were  put  in  to  escape  a  difficulty  in  which  the  writer  once  got 
caught  in  an  earlier  design  where  ice  was  formed  in  the  pocket 
between  double-shrouded  pinion  teeth,  preventing  working  the  gate 
until  it  was  chipped  out. 

,3K" 


Figs.  8,  9  and  10  are  other  details,  and  illustrate  the  precautions 
taken  to  hold  all  bearings  rigidly  in  line.  The  writer  has  ventured  to 
trace  Figs.  9  and  10  from  a*  later  design  for  another  site,  in  which 
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certain   slight  changes   were  made  in    the  patterns   to   improve   the 
appearance  and  stiffness  of  the  castings. 

The  front  tie-bolts,  1^  ins.  in  diameter  and  12  ft.  long,  holding 
down  the  pillow  block  of  Fig.  9,  were  designed  to  be  carried  down  to 
the  great  depth  shown  in  Fig.  2,  in  order  to  suspend  a  suflBcient  weight 
of  masonry  therefrom,  to  hold  the  pillow  block  from  lifting  when  the 
whole  power  of  the  gearing  should  be  exercised  in  forcing  down  the 
gate  against  some  possible  obstruction. 

The  corner  of  the  rack-tooth  was  rounded  off,  as  shown  in  the 
longitudinal  section  of  Fig.  7,  in  order  to  strengthen  it  bv  bringing 
any  uneven  strain  back  further  from  the  end  of  the  tooth. 

It  may  be  remarked,  furthermore,  that  the  power  and  strength  of  all . 
the  gearing  was  computed  on  the  basis  of  forcing  down  a  wide,  open  gate 
against  a  pond  swollen  by  a  summer  flood,  with  an  empty  canal  (due  to 
some  unexpected  breach  of  the  canal  embankments),  and  that  the 
necessary  strength  was  computed  on  the  hyi^othesis  that  the  friction 
trucks  on  the  main  gates  were  not  working,  and  that  the  roller  bear- 
ings were  inoperative,  and  the  paddle-gates  not  opened. 

In  other  words,  the  safety  of  the  works  was  assured  without  these 
friction-saving  devices,  which  were  regarded  as  auxiliaries  for  saving 
labor. 

The  ••  paddle-gates  "  (Fig.  1,  A  and  B)  are  for  use  when  filling  the 
canal  after  it  has  been  emjitied,  and  through  them  water  is  let  in  to 
balance  the  pressure  on  the  main  gates,  much  as  a  by-pass  is  used  on 
very  large  Avater-pipe  gates.  They  were  placed  at  the  top  of  the  sluice- 
way und.er  light  head,  that  they  might  be  easy  to  open  and  shixt,  and 
with  the  further  object  of  avoiding  the  tendency  to  scour  upon  the 
canal  bottom  just  below  the  sluices  if  filling  the  empty  canal  with  water 
admitted  under  high  velocity  through  a  smaller  opening  near  the  bot- 
tom. With  these  paddle-gates,  the  first  water  falls  vertically  on  the 
masonry  sluice  floor,  and  quickly  has  the  energy  for  scouring  taken  out 
of  it,  before  it  reaches  the  wooden  apron  or  sandy  bottom  a  shoi-t  dis- 
tance down  stream  from  the  sluices. 

Only  three  of  the  main  gates  are  yet  jirovided  with  these  jjaddle- 
gates.  These  are  each  5  x  2  ft.  in  the  clear,  and  are  of  a  total  capacity 
sufficient  to  fill  the  empty  canal  in  from  about  half  an  hour  to  an  hour, 
according  to  level  of  water,  and  according  to  the  leakage  at  the  turbine 
gates.     Of  course  the  filling  can  be  accomplished  as  rapidly  as  desired 
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by  lifting  one  of  the  main  gates,  after  the  bottom  of  the  canal  has,  h\ 
means  of  the  i^addle-gates,  been  covered  3  or  4  ft.  deep  to  lessen  the 
scour. 

The  hoisting  rigging  for  the  paddle-gates  C  (Fig.  1)  is  somewhat 
novel,  and  is  carried  upon  the  main  gate-starts  as  shown  in  outline  in 
Fig.  1.  It  is  very  simple,  consisting  of  the  notched  wheel  E,  which  is 
turned  by  a  hand-spike  or  wooden  lever  4  or  5  ft.  long;  on  each  end 
of  the  same  shaft  a  12-tooth  pinion  is  carried  Avhich  engages  with  a 
cast-iron  rack  of  1^-in.  j)itch  and  3-in.  face. 

The  starts  D  for  these  paddle-gates  are  of  2^  x  2i  x  J -in.  angle  iron, 
and  the  angle  of  each  lies  comjiactly  against  the  corner  of  the  main 
timber  gate-starts  of  the  main  gate,  in  order  to  lessen  the  jjossibility 
of  its  being  knocked  out  of  shape  by  an  ice  jam  or  by  floating  drift- 
wood. It  will  be  noted  that  the  whole  of  the  main  gate,  including  the 
trucks,  can  be  run  up  easily  for  repairs  above  ordinary  level  of  water 
in  the  i^ond. 

These  main  gates  are  of  Georgia  pine  9  ins.  thick  throughout  the 
lower  half,  and  7  ins.  over  the  upper  half. 

The  several  planks  are  tied  together  by  two  large  and  tightly  set 
bolts  {FJ^,  Fig.  1),  1^  ins.  diameter,  extending  from  top  to  bottom;  also, 
by  the  two  8  x  10  gate-starts  of  Georgia  pine,  which  furthermore 
serve  as  girders  for  stiffening  the  gate  against  the  pressure  of  the 
trucks.  The  6  x  6  x  1-in.  angle  irons  at  each  end  which  serve  as  slide 
plates  also  stiffen  and  strengthen  the  gate. 

A  facing  of  1-in.  iron  plates,  6  ins.  wide,  goes  all  around  the  edge 
of  the  wooden  gate,  to  form  a  good  wearing  surface,  and  to  make  a 
securely  tight  joint  with  the  iron  plates  facing  the  sluiceway  masonry. 
For  a  head-gate  joint,  wood  on  iron,  or  wood  on  stone,  might  be  the 
dictum  of  the  old  millwrights,  but  the  writer  believes  that  for  dur- 
able working  faces  in  sliding  contact,  iron  on  iron  is  far  the  best. 
Furthermore,  it  is  the  writer's  belief  that  a  water-tight  gate  can  be 
secured  more  certainly  where  the  lower  edge  shears  past  the  edge  of 
the  sill  than  when  it  merely  presses  down  upon  the  top  of  the  sill. 

The  shearing  force  available  from  the  weight  of  the  gate  and  the 
power  of  the  rigging  is  easily  25  tons. 

In  order  that  the  middle  portion  of  the  edge  of  the  gate  might  not 
lock  in  and  become  blocked  against  the  corner  of  the  sill,  from  being 
sprung  inward  a  little  by  the  pressure  of  the  water,  we  made  the  top 
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corner  of  the  massive  cast-iron  sill,  already  described,  not  horizontal, 
but  slightly  \/"''l'*P^<i)  ^^  shown  in  Fig.  1. 

The  computed  weight  of  one  gate,  with  its  attachments,  is  about  5" 
tons  in  air,  and,  when  near  the  bottom,  the  buoyancy  of  the  water  upon 
it  will  be  about  2^  tons.  The  providing  of  two  2j-ton  counterpoises 
for  each  gate  was  considered,  and  the  works  so  designed  that  they 
can  be  added  if  they  should  ever  be  deemed  advisable.  The  eye-nut 
G  on  the  top  of  each  main  li-in.  dowell  bolt  which  extends  from  bot- 
tom to  top  of  the  gate  furnishes  a  convenient  means  of  lifting  the  gate 
by  chain-falls  in  case  of  any  accident  or  during  repairs,  and  was  also 
designed  as  a  place  to  attach  a  counterpoise  chain,  which  should  run 
over  elevated  j^ulleys  and  lead  to  a  counterpoise  suspended  above 
ordinary  high  water. 

The  writer  considered,  however,  that  a  counterpoise  was  not  worth 
its  extra  cost,  and  that  the  loss  in  lifting  would  be  offset  by  the  ability 
to  let  the  gates  run  down  rajjidly  under  their  own  weight  controlled  by 
the  simple  friction  brake,  composed  of  an  elastic  oak  lever  about  1 
in.  thick  by  3  ins.  wide  by  4  ft.  long,  resting  on  the  fulcrum  K  (Fig. 
10),  and  pressing  against  the  worm  shaft  at  L  (Fig.  5),  the  outer  end 
being  held  in  the  hand.  From  examining  the  finished  structure  (for, 
as  already  intimated,  the  writer  did  not  personally  supervise  the  con- 
struction, ha\n.ng  undertaken  the  design  with  that  understanding  by 
reason  of  other  engagements)  this  little  detail  of  providing  for  a 
friction  brake  happened  to  get  overlooked  by  the  millwright. 

This  simple  kind  of  a  friction  brake  has  been  in  satisfactory  use  at 
the  north  canal  head-gates,  at  Lawrence,  Mass.,  for  many  years,  and 
it  is  found  a  great  convenience  to  be  able  to  let  the  gates  run  down 
much  of  the  distance  under  their  own  weight  ;  so  much  so  that  a 
counterpoise  would  ajjpear  objectionable  rather  than  advantageous. 

The  worm-shaft  stands  were  so  designed  that,  should  it  ever  be 
desirable  to  work  these  gates  (or  others  with  gearing  cast  from  the 
same  patterns)  by  electric  power,  for  regulating  the  height  within  the 
canal,  this  could  be  simply  arranged  by  bolting  a  worm-gear  rim  to  the 
rim  of  the  notched  wheel  M  (Fig.  5)  and  driving  the  worm  which  en- 
gaged with  it  by  a  small  electric  motor  which  would  be  bolted  to  the 
face  of  the  stand,  shown  in  Fig.  10,  at  N,  and  run  at  high  speed  under 
control  from  a  switchboard  in  the  electric  power  station  at  the  foot  of 
the  canal. 
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In  this  jDarticular  case  the  contingency  of  ever  wanting  any  electric 
power  attachment  is  very  remote,  since  the  extra  height  of  the  canal 
banks  avoids  the  necessity  for  such  close  regulation  as  at  most  other 
powers. 

The  reason  for  placing  the  roller  P  (Fig.  9)  at  a  higher  level  than 
the  i^inion  is  to  facilitate  the  slight  swinging  ofif  of  the  main  gate  as  its 
trucks  mount  the  wedges  of  their  track. 

The  ratios  of  the  train  of  gearing  are  such  that  one  revolution  of 
the  pinion  raises  the  gate  30  ins.  and  this  calls  for  126  revolutions  of  the 
crank,  or  one  revolution  of  the  crank  lifts  the  gate  very  nearly  one- 
fourth  of  an  inch. 

From  30  to  50  revolutions  per  minute  can  readily  be  made  on  a 
crank  of  this  sort,  and  at  40  revolutions  per  minute  the  gate  would  be 
raised  10  ins.  per  minute. 


DISCUSSION. 


Clemens  Hekscheii,  M.  Am.  Soc.  C.  E. — The  hoisting  apparatus  de- 
scribed by  Mr.  Freeman  shows  many  refinements  of  construction  put 
upon  their  good  behavior  in  practice  for  the  first  time.  Some  of  them 
are,  in  my  opinion,  unquestionably  good  construction,  and  will  probably 
wear  well;  others  I  do  not  think  are  sound  and  good.  It  is  pleasanter 
to  refer  only  to  the  first  class;  but  the  latter  kind  should  be  referred 
to  also.  I  place  among  the  former  the  adoption  of  the  Chicago  founda- 
tion construction  for  the  foundation  and  covering  of  the  gateway 
arches;  the  details  of  the  worm  and  pinion  mechanism,  including  ball- 
bearings, steel  endless  screws,  and  general  disposition  of  this  appa- 
ratus, though  I  doubt,  at  the  same  time,  the  superiority  of  it  over  a 
screw  and  nut  mechanism  for  lowering  and  hoisting. 

Having  a  mechanism  that  admits  of  the  possibility  of  letting  the 
gate  run  down  free,  or  only  controlled  by  a  hand  lever,  I  also  have  my 
doubts  about.  I  prefer  a  mechanism  that  holds  the  gate  in  place 
wherever  it  may  happen  to  stand.  The  V-shaped  sill  is  a  neat  device 
for  preventing  the  catching  of  the  middle  of  the  gate  on  top  of  the 
middle  of  the  sill,  but  my  preference  would  be  to  have  no  rebate  sill, 
and,  instead,  to  have  the  gate  shut  down  flat  on  toj)  of  a  prepared  flat 
sill.  The  object  of  the  rebate  is  stated  to  have  been  the  readier  at- 
tainment of  a  water-tight  joint;  but  I  think  this  construction  will  tend 
to  make  difiicult  a  shiitting  down  of  the  gate  water-tight,  or  anywhere 
near  water-tight,  by  the  lodgment  in  the  rebate  angle  of  sand,  stones, 
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and  similar  trash,  ■which  the  increased  current  when  closing  the  gate 
will  not  dislodge;  while  a  flat  sill  and  gate  can  always  be  made  water- 
tight by  throwing  a  half  dozen  shovelfuls  of  ashes,  or  shavings  mixed, 
with  gravel,  on  the  ujj-stream  side  of  the  gate,  after  it  is  shiit  down  as 
low  as  it  will  go,  or  nearly  water-tight. 

The  fastening  of  these  head-gates  to  roller  wheels  is  a  radical 
dejiarture  from  accepted  mill  practice,  which  does  not  promise  well 
in  my  opinion.  Several  constructors  have  tried  to  reduce  the  great 
sliding  friction  of  head-gates  by  devices  of  this  sort  hitherto,  on 
works  already  in  operation.  Mr.  C  J.  Cheney,  of  Lowell,  some 
40  or  50  years  the  millwright  emi:)loyed  under  our  Past  President,  Mr. 
James  B.  Francis,  designed  and  patented  an  arrangement  of  this  sort 
about  10  years  ago.  He  loaded  the  gate  and  the  pressui-e  upon  it  on  a 
foiir- wheeled  truck,  as  it  were,  by  lifting  the  gate  from  its  contact  with 
its  l)earings  when  shut,  and  so  as  to  bear  on  the  axles  of  the  truck,  by 
means  of  four  eccentrics  on  these  axles,  operated  by  an  endless  screw 
from  above  water;  and  in  closing  the  gate  he  reversed  the  i^rocess, 
and  unloaded  the  gate  from  the  truck,  back  on  to  its  gate-bearings. 

Mr.  Stoney,  of  England,  has  designed  several  sluice-gates  on  navi- 
gation works,  among  others  several  on  the  Manchester  Ship  Canal,  some 
of  them  of  very  large  dimensions,  in  which  the  gates  have  constantly 
between  them  and  their  gate-bearings  roller-carriages  like  those 
under  the  movable  ends  of  bridges.  Of  course  such  an  arrangement 
cannot  make  a  water-tight  gate,  which  does  not  matter  on  navigation 
canals  and  at  the  points  of  water  waste  where  these  gates  have  been 
used. 

Still  more  important  is  the  consideration  that  such  gates  are  not 
used  in  the  winter,  when  navigation  is  suspended,  while  the  winter 
time  is  the  period  of  the  most  difficult  service  in  the  case  ef  water- 
Ijower  plants.  In  England  the  winters  are  also  excessively  mild, 
judged  by  our  standards,  so  that  many  a  contrivance  used  on  hydraulic 
works  in  England  becomes  worthless  when  transplanted  to  the  New 
England  or  other  northern  States  of  the  Union.  Many  a  New  Eng- 
land engineer  has  probably  looked  with  envy  on  the  kind  of  grass- 
hopper structures  that  do  service  all  the  year  around  in  Southern 
California,  Ai'izona,  New  Mexico,  not  to  mention  Southern  Italy  and 
Andalusia,  and  has  wished  that  he  too  might  for  once  be  rid  of  being 
obliged  to  design  and  build  what  seems  foolish  in  the  summer,  when 
the  work  was  going  on,  and  the  uses  of  which  would  only  appear  in 
the  succeeding  winter  when  he  very  likely  would  be  alone  in  the 
struggle  with  the  operation  of  the  works. 

But  winter  must  be  reckoned  with,  in  our  climate,  and  among  its 
products  is  ice — ice  in  cakes,  ice  as  slush,  ice  as  anchor  ice,  ice  on  the 
surface  of  the  water,  ice  in  the  water,  and  hard  ice  forming  on  iron 
and  stone  surfaces  below  water.      The  condition  that  our  hvdraulic 
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structures  must  all  fulfill  is  that  they  must  be  operative,  wdthout  break- 
age, in  the  coldest  weather  and  under  all  conditions  of  the  formation 
of  ice  ;  and  I  think  it  will  be  found  that  only  exceedingly  simple,  or 
crude  and  clumsy  structures,  if  anyone  choses  to  call  them  so,  will  live 
and  survive  under  those  conditions. 

I  am  aware,  for  example,  that  various  contrivances  have  been  gotten 
up  to  make  a  Stoney  gate  water-tight,  in  spite  of  its  being  mounted 
on  roller-carriages,  by  Stoney  himself  and  by  others,  so  that  they 
could  be  used  on  works  other  than  navigation  sluices,  for  which  they 
were  originally  designed.  These  devices  take  the  form  of  corner-beads 
and  the  like,  say,  like  the  weather-strijis  against  windows,  that  keep 
out  the  w  inter's  blast.  But  I  have  not  heard  that  they  have  done  their 
office  during  a  winter  in  a  climate  like  that  of  our  northern  States.  In 
my  opinion  they  should  be  expected  to  fail  in  operation  during  the 
winter. 

Mr.  Freeman,  you  will  observe,  gets  over  the  difficulty  of  such  leak- 
age by  letting  the  gate  when  shut  run  oflf  its  roller  wheels,  and  restor- 
ing to  it  its  bearing  on  the  gate-bearings.  This  makes  it  water-tight 
when  shut,  or  nearly  so.  And  Mr.  Cheney  did  the  same  thing  in 
another  way. 

Now  the  only  Justification  for  doing  anything  of  the  sort,  for  taking 
any  thought  of  the  amount  of  resistance  caused  by  the  sliding  friction 
of  the  gate  on  its  bearings,  for  running  any  risk  in  the  operation  of  the 
gate  while  trying  to  lessen  this  resistance,  as  well  as  for  spending 
money  in  such  a  cause,  would  be  a  lack  of  jsower  to  overcome  this 
resistance,  as  is  found  when  men  have  to  be  sent  to  shut  down,  or 
to  open  up,  the  gates  ;  but  as  is  not  the  case,  whenever  water  or  other 
power  is  on  hand  or  can  be  transmitted  to  the  gate-house. 

Let  me  give  a  homely  illustration.  A  common  drag  for  stone,  or  a 
stone-boat,  as  it  is  often  called,  with  a  yoke  of  oxen  hitched  to  it,  is  a 
common  sight  on  public  works  or  on  the  farm.  A  boulder  is  rolled 
upon  it,  and  the  yoke  of  cattle  jDlod  along.  They  strain  at  the  yoke, 
step  by  step,  with  their  heads  held  low,  the  foam  running  out  of  their 
mouths  in  long  strings,  until  one  would  think  they  are  going  to  choke 
or  until  they  actually  do  get  stalled.  Now  suppose  another  yoke  of 
cattle  to  be  hitched  on.  These  four  will  walk  right  along  with  the 
same  boulder,  step  by  step,  in  an  easr  swinging  walk  ;  and  if  two  more 
yoke  of  oxen  were  hitched  on,  the  show  would  consist  of  a  jiebble  on 
a  chip  on  the  end  of  an  ox  chain,  with  hardly  enough  weight  on  the 
stone-drag  to  keep  the  chain  taut,  and  the  drag  from  swinging  side- 
ways back  and  forth.  It  is  the  same  with  a  head-gate  sliding  on  its 
gate-bearings  ;  if  only  enough  jjower  be  applied,  its  motion,  whether  of 
iron  sliding  on  iron,  or  iron  sliding  on  stone,  or  iron  wheels  rolling  on 
iron,  will  not  give  a  moment's  care  or  even  thought  to  the  parties  in 
interest,  and  wdll  not  authorize  or  justify  the  expenditure  of  a  dollar 
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or  the  running  of  the  slightest  risk  in  the  operation  of  the  gate  for 
diminishing  friction. 

Such  abundance  of  power  is  generally  at  hand  in  the  case  of  water- 
power  plants.  It  is  not  at  hand,  as  a  rule,  in  the  case  of  navigation, 
works,  which  explains  why  these  gates,  running  on  roller-carriages, 
had  their  origin  as  navigation  sluices.  This  sort  of  works  is,  as 
a  rule,  placed  at  a  distance  from  towns  or  villages,  at  some  lonely 
spot,  with  only  a  gate-keeper,  his  wife  and  a  family  of  small  children  to 
attend  to  them.  And  a  gate  that  he  alone,  or  his  wife  in  case  of  neces- 
sity, can  operate,  becomes  a  much  better  appliance  than  one  that 
requires  20  or  30  or  40  H.  P.  on  the  shaft  that  moves  the  gate-rods. 

In  the  head-gate  houses  of  most  water-power  plants,  there  is  usually 
placed  a  turbine  water-wheel  to  operate  the  gates.  This  must  be  very 
carefully  set  so  as  to  be  operative  under  all  conditions  of  ice,  which  can 
generally  be  done  with  steam  piping,  to  melt  out  the  anchor  ice  as  a 
last  resort.  I  have  known  a  steam  engine  to  be  kept  in  reserve,  with 
clutch  couplings  to  make  the  changes.  Also  a  steam  engine  to  be  used 
alone,  or  in  conjunction  with  a  reserve  steam  engine.  One  of  the  sets 
of  head-gates  at  Lowell  uses  hydraulic  pressure  from  the  fire  protec- 
tion reservoir.  And  in  these  days  of  electric  long-distance  power 
transmission,  to  locate  20  or  30  or  40  H.  P.  at  any  head-gate  ought  not 
to  be  a  difficult  matter. 

Such  power  is  used,  as  a  rule,  but  seldom  ;  only  at  long  intervals 
in  the  generality  of  cases.  But  care  must  be  taken,  by  duplication  of 
machinery,  or  otherwise,  that  the  jjower  does  not  fail  when  wanted. 

I  think,  therefore,  that  a  better  form  of  head-gate  machinery  would 
have  resulted  from  siipplying  more  power  at  the  head-gates  in  question 
and  having  the  gates  i^lain  sliding  gates.  And  I  doubt  the  working  of 
the  ai^ijliances  used  to  diminish  sliding  friction  when  the  gate,  guides 
and  wheels,  and  all  the  imder  water  iron-work,  will  be  encased  in  the 
hard  ice  that  forms  on  such  siirfaces  in  very  cold  weather.  In  that 
event,  one  of  two  things  is  liable  to  hapi)en,  in  my  opinion.  The  gate 
will  get  jammed,  so  that  it  cannot  be  moved,  or  else  something 
will  break,  neither  of  which  eventualities  is  to  be  desired. 

Finally,  if  mechanical  power  could  not,  under  the  apjjropriation  for 
the  gate-house,  be  applied,  the  gate  could  always  have  been  made  to 
move  so  slowly  that  one  man  could  easily  operate  it.  I  built  a  gate  of 
that  sort  at  Holyoke,  14  ft.  wide  in  the  clear  and  6  or  7  ft.  high,  a  very 
large  gate.  One  man  opened  and  shut  it,  with  no  back  pressure  on  the 
down-stream  side  to  aid  him,  with  one  hand,  but  he  had  plenty  of  time 
to  reflect  on  the  mutability  of  human  events,  or  on  any  other  philo- 
sophical subject  while  he  lowered  or  raised  it  1  ft.  But  it  did  its 
work.  In  the  winter  time,  when  it  jammed  in  the  guides,  a  liberal 
application  of  kerosene  oil  would  sometimes  have  to  be  used  to  rot  out 
the  attached  ice.     Moving  the  gate  uj)  and  down  could  be  resorted  to, 
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to  keep  it  in  oijeration  in  excessively  cold  weather.  It  was  nothing  but 
a  platform  of  12  x  14  ins.  hard  pine,  doweled,  through-bolted,  iron- 
botind,  and  having  a  slow  but  powerful  gearing  attached,  to  keep  it 
going.  I  think  it  was  a  better  gate  for  the  place  than  would  have  been 
one  modeled  after  the  pattern  of  those  here  discussed.  I  think  it  was 
a  better  kind  of  gate  machinery  and  running  gear  to  have  set  up  at  the 
Sewall's  Falls  head-gate  house,  though  better  than  either  would  have 
been  some  sort  of  mechanical  jjower,  plenty  of  it,  according  to  the 
speed  at  which  it  was  desired  to  move  the  gates  and  simple  sliding 
gates.  I  say  better,  because  I  think  such  an  apparatus  would  have 
been  less  likely  to  refuse  to  do  its  duty,  at  the  time  of  some  extraordin- 
ary occasion,  which  may  be  expected  to  occur  upon  any  day  during 
the  severely  cold  weather  that  tries  our  work  as  the  winters  come 
around. 

Desmond  FiTzGERAiiC,  M.  Am.  Soc.  C.  E. — This  paper  of  Mr.  Free- 
man's has  interested  me  very  much,  principally  because  nearly  20 
years  ago  I  had  occasion  to  design  two  gates  for  the  city  of  Boston 
running  on  wheels.  They  are  now  in  use  at  Chestnut  Hill  Eeservoir. 
Although  much  smaller  than  those  under  discussion,  being  only  4  x 
4  ft.  Oldening,  yet  it  is  interesting  to  see  how  a  problem  is  worked  out 
on  similar  lines,  but  entirely  independently,  by  two  diflferent  people. 
Plate  XLIII  shows  the  Boston  gates  to  which  I  have  alluded.  The 
stems  are  connected  at  the  level  of  the  floor  of  the  gate-house  with 
pistons  in  cylinders,  Avhich  are  filled  with  a  mixture  of  glycerine 
and  water.  The  gates  run  down  of  their  own  weight  by  turning  a 
couple  of  valves,  thus  allowing  the  fluid  to  run  from  the  under  side  of 
the  piston  to  the  upper  side.  The  gates  are  raised  by  a  hydraulic 
press,  worked  by  man-power,  and  the  gates  can  be  raised  quite  easily 
with  one  hand. 

It  will  be  noticed  in  the  design  that  the  wheels  are  mounted  on 
axles  which  run  entirely  across  the  face  of  the  valve.  The  frames  and 
valves  are  of  cast  iron,  the  latter  heavily  ribbed,  to  sustain  the  press- 
ure of  25  ft.  of  water,  under  which  they  work.  The  sides  are  wedging 
in  form,  and  just  as  the  gate  rolls  to  the  bottom  and  is  on  the  point  of 
closing,  the  wedging  action  comes  into  play,  the  wheels  rise  from  their 
track,  and  the  brasses  ujjon  the  valve  and  the  valve  seat  come  into  con- 
tact. The  gates  are  almost  perfectly  tight,  and  they  have  been  work- 
ing without  any  repair  whatever  for  20  years,  and  I  have  no  doubt 
they  are  good  for  a  much  longer  time  than  that  in  the  future. 

It  seems  difficult  to  understand  how  any  one  could  secure  a  patent 
on  a  gate  running  on  wheels  when  they  have  been  made  for  so  many 
years.  I  never  saw  one  before  mine  were  built,  but  the  idea  was  given 
me  by  Mr.  J.  P.  Davis,  and  I  dare  say  that  he  received  the  idea  from 
others.  In  this  design  Mr.  Freeman  has  provided  a  very  cheap  construc- 
tion combined  with  strength,  particularly  as  far  as  the  masonry  is 
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concerned,  avoiding  expensive  cut  stone.  I  am  not  quite  sure  in  regard 
to  the  provision  of  power  for  working  the  gate.  We  have  always  fouiid 
the  friction  of  gearing  very  much  larger  than  any  calculations  would 
give,  but  the  practical  working  of  the  gate  ought  to  show  any  weak- 
ness in  this  direction.  Plate  XLIII  shows  the  details  of  the  Boston 
gates  so  completely  that  I  will  not  enter  into  a  further  description  of 
them. 

J.  T.  Fajsning,  M.  Am.  Soc.  C.  E. — When  rebuilding  a  part  of  the 
dam  at  St.  Anthony  Falls,  in  Minneapolis,  eight  years  ago,  we  found 
it  advisable  to  put  in  waste  gates  in  two  locations.  At  one  point  there 
was  a  pair  of  gates;  at  the  other,  a  single  gate.  Each  of  these  gates 
is  6  ft.  in  wddth  and  10  ft.  in  height,  and  the  gate-sills  are  16  ft.  below 
the  crest  of  the  dam.  Each  of  these  gates  has  ujiwards  of  20  tons 
water  pressui'e  upon  the  up-stream  side,  and  no  counterbalancing 
water  pressure  on  the  down-stream  side.  The  sliding  friction  of  these 
gates  would  be  very  great  without  rollers,  and  friction  rollers  were 
consequently  planned  for  them. 

On  comparing  Mr.  Freeman's  friction  rollers  with  these,  I  observe 
that  he  used  four  rollers  to  each  gate,  one  on  each  angle,  and  that  his 
rollers  are  about  18  ins.  in  diam- 
eter and  have  axles  5  ins.  in  diam- 
eter. A  larger  number  of  friction 
rollers  of  smaller  diameter  were 
placed  in  the  Minneajiolis  gates, 
nine  rollers  on  each  side,  and  so 
spaced  as  to  distribute  the  pressure 
equally  upon  the  sheaves.  These 
sheave  rollers  are  4  ins.  in  diam- 
eter, and  their,  axles,  bushed  with 
bronze,  are  Ij  ins.  in  diameter. 
The  form  of  each  sheave  is  much 
like  that  of  the  window  weight 
pulleys  in  a  window  jamb.  They 
are  placed  on  the  bearing  face  of 
the  gate.  A  plate  of  iron  is  fast- 
ened on  the  face  of  each  gate  jamb, 
for  these  friction  rollers  to  move 
upon.  These  bearing  plates  are 
vertical  and  the  rollers  project 
i  in.  over  the  face  of  the  gate.  On 
the  bearing  face  of  the  gate  there 
is  an  inclined  seat,  tapering  Ij  ins. 
in  10  ft.  height  of  the  gate-opening.  Inclined  seats  are  also  placed 
within  the  gate  jambs.  As  the  gate  is  closed,  it  does  not  come  in  lon- 
tact  with  its  seat  until  just  at  the  instant  of  complete  closing.     This 
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inclined  seat  gives  a  tight  gate  and  permits  tlie  gate  to  be  free  from 
sliding  friction  upon  its  seat  the  instant  after  lift  begins,  after  which 
it  rolls  up  easily  upon  the  sheaves.  These  gates  are  readily  started 
and  quickly  opened  by  one  man. 

The  cost  of  these  sheaves  is  $1  50  each.  On  each  edge  of  each  gate 
there  is  a  rack  in  which  meshes  the  hoisting  pinions.  The  pinions  are 
operated  by  double  worm-gear  hoisting  machinery. 

These  gates  operated  so  easily  and  satisfactorily  on  first  construc- 
tion that  I  have  since  used  similar  gates  on  other  water-powers  in 
various  parts  of  the  country,  but  in  the  case  of  sets  of  head-gates,  I 
have  usually  placed  the  rollers  on  one  gate  only,  opening  this  gate 
first,  to  equalize  the  pressure  on  the  two  sides  of  the  remaining 
gates. 

Mr.  FitzGekald,  M.  Am.  Soe.  C.  E. — Is  the  bearing  taken  off  the 
wheels  ? 

Mr.  Fanning. — The  wedge  seats  on  the  gate  and  jamb  are  in  contact 
while  the  gate  is  fully  closed,  and  at  that  time  only  relieve  in  part  the 
pressure  upon  the  rollers. 

K.  E.  HrLGAED,  M.  Am.  Soc.  C.  E. — Have  you  had  trouble  with 
ice? 

Mr.  Fanntng. — We  have  to  open  various  gates  at  different  times 
during  the  winter,  but  rarely  have  had  to  ojjen  these  waste  gates  while 
the  river  is  frozen.  In  case  we  did  have  to  ojjen  them,  the  ice  could  be 
removed  from  the  jambs  readily  in  a  few  minutes  by  the  aid  of  a  port- 
able boiler  kept  for  the  purpose  and  a  jet  of  steam,  directed  by  a  hose, 
upon  the  jamb. 

William  E.  Woethen,  Past  President  Am.  Soc.  C.  E. — I  have  tried 
the  principle  of  the  bath  pipe  plug  from  time  to  time  under  different 
circumstances.  I  have  seen  gates  that  have  been  jjut  in  on  that  prin- 
ciple, and  I  have  found  them  in  the  German  works,  so  that  I  claim 
nothing  for  that  idea,  only  the  idea  that  I  saw  in  the  bath  pipe  plug.  I 
put  a  gate  in  in  1888.  It  is  a  large  bath,  standard  waste.  It  is  connected 
with  a  pipe  that  extends  down  into  the  river,  and  the  flow  between 
the  river  and  the  canal  is  usually  under  about  35  ft.  head.  It  dis- 
charges about  two-thirds  of  the  flow,  of  the  whole  canal  and  has  been 
in  operation  since  1888;  so  far  the  jjlan  for  hoisting  it  is  nothing  but 
a  differential  pulley  block. 

The  pipe  plug  is  8  ft.  diameter  and  9  ft.  high,  the  joint  between 
plug  and  pipe  extending  to  the  river  is  made  by  angle  irons,  the 
movement  of  the  plug  vertically  is  controlled  by  radius  bars  working 
in  centers  on  the  back  wall;  each  level  of  radius  bars  are  framed 
strongly  together  Avith  angle  irons.  The  plug  is  raised  by  a  chain 
hitched  at  B  (see  drawing,  page  303)  in  connection  with  a  differential 
pulley  block  suspended  from  C,  and  is  dropped  in  the  same  way  on  to 
its  horizontal  seat. 
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Mr.  Hekschel. — Is  that  used  in  winter  ? 

Mr.  WoKTHEN. — All  the  time. 

Mr.  Hekschel. — Suppose  the  bottom  gets  covered  with  anchor  ice  ? 

Mr.  WoKTHEN. — They  have  made  a  house  over  it,  and  are  using  it 
all  the  time  for  the  last  eight  years,  but  not  daily,  I  think. 

Mr.  Hekschel. — There  is  such  a  thing  as  anchor  ice,  and  it  would 
adhere  to  the  seat  of  such  a  gate;  how  can  such  a  gate  be  used  when 
anchor  ice  is  all  over  it  ? 

Mr.  WoRTHEN. — A  steam  pipe  would  take  care  of  that  easy  enough. 
I  have  never  had  any  information  from  it  except  that  the  thing  works ; 
and  when  a  thing  works,  that  is  what  you  want. 

Mr.  Hekschel. — I  question  whether  it  has  been  working  in  the  win- 
ter with  anchor  ice  running  in  the  stream. 

Mr.  WoKTHEN. — It  will  work  in  the  summer  time,  of  course,  and  we 
could  clean  oflf  the  anchor  ice  if  it  is  there.  A  steam  pipe  will  blow  the 
ice  off.     I  don't  think  there  is  any  trouble. 

A  Membbk. — Mr.  Worthen,  I  think  that  bath  jjlugof  yours  has  been 
patented  a  good  many  times. 

Mr.  WoKTHEN. — I  have  no  doubt  of  it. 

A  Member. — How  much  did  it  cost  ? 

Mr.  Worthen. — I  made  it  of  that  size  because  we  had  a  piece  of 
pipe  about  that  diameter  and  pretty  long. 

A  Member. — It  did  not  cost  anything  then  ? 

Mr.  Worthen. — They  did  not  complain  about  the  cost;  they  used 
up  all  the  old  iron  as  well  as  they  could.  I  don't  know  what  the  old 
pipe  was  intended  for,  but  it  came  in  very  well. 

T.  C.  Keeper,  Past  President  Am.  Soc.  C.  E. — In  connection  with 
this  subject  I  should  state  that  over  50  years  ago,  when  they  first 
proposed  to  make  the  Welland  Canal  locks  of  stone  instead  of  wood. 
Colonel  Macaulay,  Royal  Engineer,  was  Chief  Engineer,  and  I  was  a 
young  man  under  him.  His  plan,  instead  of  filling  through  the  gates, 
as  the  old  canal  did,  was  the  old  English  lock,  with  breast  wall  and 
land  tunnels  in  the  side  walls,  which  were  square  holes,  both  hori- 
zontal and  vertical  in  the  wall,  forming  a  culvert  along  the  whole  length 
on  each  side,  and  these  holes  were  closed  by  a  bath  plug  such  as  Mr. 
Worthen  speaks  of.  It  was  a  square,  solid  plug  of  oak,  that  could  be 
carried  up  in  layers  until  the  height  gave  the  necessary  weight.  The 
bottom  of  the  bath  plug  was  an  inverted  truncated  pyramid,  and  the 
seat  corresjionded.  It  was  square  and  sloping.  This  was  not  an 
original  plan  of  the  Royal  Engineer,  but  that  of  the  small  locks  in 
England,  and  originated  with  the  early  English  engineers. 

J.  P.  Fbizell,  M.  Am.  Soc.  E. — It  appears  to  me  that  there  is  no 
subject  in  engineering  to  which  so  much  ingenuity  has  been  devoted  as 
that  of  gates  for  controlling  the  passage  of  water. 

I  believe  I  understand  the  gate  which  Mr.  Worthen  has  just  de- 
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scribeil.  It  consists  of  a  cylinder  standing  over  a  circular  opening. 
The  latter  is  at  the  level  of  low  water,  the  top  of  the  cylinder  is  at  the 
level  of  ordinary  high  water.  The  pressure  of  the  water  occasions  no 
friction  and  offers  no  resistance  to  the  raising  of  the  gate.  WTien  the 
water  rises  above  the  top  of  the  cylinder  it  operates  as  a  waste  gate 
with  great  efficiency,  as  it  discharges  under  the  full  head  due  to  the 
difference  of  level,  j^rovided  that  does  not  exceed  the  head  due  to  the 
atmospheric  pressure.  This  is  an  exceedingly  simple  form  of  gate, 
and  susceptible  of  wider  application  than  it  has  received.  Gates  upon 
this  principle  were  used  upon  the  old  water-works  of  Paris  nearly  100 
years  ago.  I  see  no  reason  why  such  a  gate  could  not  be  applieel  to  an 
ordinary  service  reservoir,  ser\'ing,  at  once,  as  a  waste  gate  and  an 
overtiow.  Usually,  in  studying  any  particular  application  of  this  gate, 
it  will  be  found  inconsistent  -with  other  conditions  of  the  structure. 

It  is  in  very  rare  cases  that  gates  riiuning  on  wheels  are  to  be  recom- 
mended. It  is  usually  better  to  apply  the  power  necessary  to  move  the 
gates,  than  to  complicate  their  construction  by  arrangements  for  di- 
minishing friction.  In  the  head-gates  of  a  canal,  simplicity  is  more  im- 
jiortant  than  economy  of  working.  Every  additional  part  in  such 
gates  is  an  additional  chance  of  derangement  and  possible  delay.  If 
the  conditions  imperatively  called  for  devices  of  this  sort,  rollers,  such  as 
are  contemi^lated  at  the  power-house  now  under  constriiction  at  Niagara 
Falls,  would,  to  my  mind,  offer  a  more  promising  solution  of  the  problem 
than  large  wheels.  Again,  if  I  adopted  wheels,  I  should  see  no  reason 
for  departing  from  arrangements  now  in  use  at  Lowell,  Mass.,  which 
are  said  to  have  worked  well.  Mr.  C.  J.  Cheney,  of  that  place,  is  the 
inventor  of  a  wheeled  gate,  which  has  been  applied  there  in  several 
cases.  The  peculiaiitrof  this  gate  is  that  the  wheel  runs  upon  at  rack 
or  bar,  which  is  cam-shaped  in  cross-section.  When  the  gate  is  at  rest, 
the  wheels  do  not  bear  upon  this  track  bar.  The  gate  is  held  against 
its  closing  surfaces  or  seat  by  the  pressure  of  the  water.  When  the 
gate  is  to  be  raised,  the  cam-bar  is  turned  through  a  quarter  or  half  a 
revolution,  and  comes  into  bearing  with  the  wheel,  lifting  the  gate  off 
its  seat.  The  gate  then  runs  freely  on  its  track,  which  sustains  the 
pressure  of  the  water.  When  the  gate  is  closed,  the  cam-shaped  track 
bars  are  revolved  out  of  contact  with  the  wheels,  and  the  gate  rests 
firmly  against  its  seat. 

The  hydraulic  lift  is  an  admirable  arrangement  for  handling  heavy 
gates.  It  is  simple,  free  from  complication  and  liability  to  derange- 
ment, not  inordinately  expensive,  and  where  there  is  a  domestic  water 
supply,  the  power  is  always  at  hand.  A  force  pump,  to  be  operated 
by  hand,  is  a  sufficient  safeguard  in  case  of  the  failure  of  the  mains. 
The  cost  of  operation  is  trifling.  For  the  head-gates  of  a  water-jjower 
canal,  which  usually  are  not  closed  more  than  once  a  week,  it  is  per- 
missible to  allow  the  gate  to  slide  upon  its  seat  or  closing  surface,  but 
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for  the  Avicket  gates  of  large  locks,  which  may  be  opened  and  closed 
many  times  a  day,  this  is  not  desirable.  Especially  is  this  true  of  a 
wooden  gate,  or  one  with  a  closing  surface  of  brass.  To  meet  this  con- 
dition, the  simplest  way  is  to  make  the  sliding  surface  vertical,  and  the 
closing  surface  inclined.  Then  the  j^ressure  upon  the  gate  does  not 
have  to  be  borne  while  moving  by  the  closing  surface,  and  the  latter 
does  not  wear. 

As  to  ice,  it  does  not  appear  to  me  that  there  need  be  any  difficulty 
in  that,  because  you  can  always  have  your  gates  housed.  Anchor  ice 
only  forms  when  you  have  open  water  above  your  bulkhead.  So  soon 
as  the  oi^en  water  is  closed  by  ice,  you  will  have  no  further  trouble 
from  anchor  ice. 

The  simplest  and  most  convenient  form  of  gate  for  depths  of  water 
not  exceeding  5  ft.  is  made  by 
lumbermen,  and  used  for  log 
and  lumber  sluices  (see  ac- 
companying sketch).  The 
gate  consists  of  two  uprights, 
sustaining  the  planking  which 
forms  the  face  of  the  gate. 
On  the  rear  of  the  same  ui3- 
rights  are  bolted  stoiit  cross- 
pieces  with  intervals  of  some 
6  ins.  between  them.  The 
only  lifting  gear  required  is  a 
couple  of  stout  levers.  The 
workman  inserts  the  end  of 
the  lever  under  one  of  the 
cross-pieces,  and  weighs  down 
on  it  across  a  block.  The 
gate  is  lifted  3  or  4  ft.,  if  nec- 
essary, above  the  surface  of 
the  water,  and  there  fastened 
by  a  chock  placed  under  one 
of  the  cross-jjieces.  To  drop 
the  gate  it  is  only  necessary  to  knock  out  this  chock.  The  gate 
IJasses  from  the  surface  to  the  sill  in  a  fraction  of  a  second,  so  that 
the  water  has  no  time  to  drop  away  on  the  down-stream  side,  and  so 
bring  a  pressure  to  bear  on  the  gate  while  descending. 

Mr.  Herschel. — From  the  way  the  very  eminent  engineers  who 
have  si3oken  have  received  the  remarks  that  have  been  made,  I  am 
inclined  to  think  that  there  is  a  form  of  ice  which  has  not  been 
in  their  minds,  and  it  is  a  very  important  form  of  ice  to  contend 
with.  I  say  nothing  about  anchor  ice,  and  do  not  wish  at  this  time  to 
take  part  in  a  discussion  of  that  subject.     You  have  all  seen  in  a  very 
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■severe  winter  the  handle  of  a  door-latch  covered  with  ice  ;  it  comes 
from  the  air,  I  suppose.  The  moisture  is  taken  out  of  the  air  and  is 
frozen.  A  similar  but  harder  kind  of  ice  than  that  forms  below  water.  • 
Take  a  corner  filled  by  machinery,  and  in  the  comer  there  is  still 
water.  It  is  very  cold  weather,  and  by  conduction  away  of  heat  from 
the  metal  siu-faces  the  ice  is  formed.  That  is  what  I  propose  to  speak 
of  now.  There  are  times  when  every  little  comer  of  a  gate  rigging  will 
freeze  up,  or  get  coated  with  hard  ice,  and  as  far  as  one  can  see  below 
the  water,  certainly  some  distance  below  the  surface  of  the  water,  it 
is  all  one  mass  of  solid  ice.  The  gate  will  be  frozen  fast  above  the 
water,  and  above  the  surface  of  the  water  the  ice  shows  in  the  shape 
that  I  have  referred  to  just  now;  it  looks  like  hoar  frost  all  over  the 
metal  surfaces.  The  ice  below  water  is  very  hard  ;  it  fastens  every- 
thing together.  I  supjiose  it  depends  for  its  formation  on  little  quiet 
places  in  the  machinery.  Peoi^le  that  work  with  such  machinery 
year  in  and  year  out  have  a  way  of  looking  at  this  matter  entirely 
different  from  what  we  would  be  apt  to  get  from  looking  at  a 
drawing. 

The  gentleman  who  jn-eceded  me  says  you  can  house  your  gate;  so 
you  can,  and  you  can  also  heat  the  house,  and  it  is  done  as  a  general 
thing  in  Xew  England;  but  that  will  not  prevent  the  formation  of  ice 
below  the  surface  of  the  water,  nor  even  below  the  floor  level. 

Mr.  WoETHEX. — I  have  had  a  little  experience  with  ice.  Ice  forms 
in  aeicular  crystals,  which  shoot  across  the  surface  of  the  water,  and, 
if  the  water  is  still,  the  crystals  come  together  to  form  a  solid  sheet; 
biit  if  there  is  a  rijiple  on  the  water,  the  crystals  are  broken  up,  mix 
with  the  water  in  the  form  of  slush  and  attach  readily  to  rock,  iron  or 
other  material  with  which  they  are  V>rought  into  contact.  I  have 
noticed  a  like  breaking  up  of  the  crystals  of  salti:>etre  in  the  j^rocess 
of  making  gunpowder. 

For  many  years  I  lived  within,  say,  a  quarter  of  a  mile  of  the  lower 
falls  at  Lowell,  and  I  could  always  tell  when  the  anchor  ice  was  form- 
ing. As  the  anchor  ice  formed,  the  noise  of  running  water  was  stopped, 
and  I  observed  the  condition  of  the  aii'  at  that  time,  sharp  cold,  with  a 
light  breeze.  If  the  mill  pond  froze  over  and  kept  frozen,  there  was 
no  trouble  with  anchor  ice. 

Mr.  FitzGerau), — About  18  years  ago  I  lost  a  Christmas  i:)arty  from 
anchor  ice,  and,  naturally,  I  have  never  forgotten  that  night  spent  in 
fighting  this  enemy  of  water  suj^plies.  Soon  afterwards  I  began  to 
study  the  question,  and  found  it  as  Mr.  Worthen  says.  The  water  in  a 
reservoir  begins  to  cool  down  in  the  winter,  and  if  there  are  heavy 
winds  it  may  not  freeze  over  until  after  the  whole  body  of  water  is 
cooled  to  the  freezing  point.  This  generally  occurs  at  Christmas  time 
with  us.  I  now  keep  the  run  of  the  temperatures  of  the  water,  and  if 
1  find  that  the  whole  mass  of  water  is  in  this  condition  and  the  surface 
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not  frozen  I  keep  men  in  the  gate-hoiises  to  watch  for  anchor  ice.  It 
will  form  in  a  very  short  time  after  the  conditions  that  I  have  described 
have  been  reached. 

The  anchor  ice  that  I  have  observed  is  in  the  form  of  thin  scales, 
about  the  size  of  a  half  dollar  and  needles.  It  comes  in  with  the 
current,  apjiarently  from  all  parts  of  the  body  of  water,  and  it  has  a 
way  of  collecting  in  punky  masses,  w^hich  soon  fill  up  all  openings. 
In  my  principal  gate-house  I  have  a  steam  pipe  laid  reaching  into  the 
water  in  front  of  the  screens,  so  that  I  can  quickly  blow  steam  down 
into  the  masses  of  anchor  ice  and  break  them  up. 

J.  F.  O'RouRKE,  M.  Am.  Soc.  C.  E. — I  want  to  say  a  little  about 
anchor  ice.  I  think  the  definition  of  anchor  ice  is  one  that  is,  perhaps, 
not  understood  in  the  same  way  by  everybody.  Our  idea  of  anchor 
ice  was  that  it,  as  Mr.  Worthen  describes,  was  ice  that  formed  as 
slush,  and  finally  became  solid  by  running  together.  The  fact  that  ice 
will  form  imder  ice  from  clear  water  to  a  considerable  depth  is  one 
that  came  iinder  my  observation  when  we  were  building  the  Wisconsin 
River  Bridge.  It  was  about  20  ^  below  zero,  and  we  put  in  pile 
foundations  for  j^iers.  Those  foundations  were  driven,  and,  some  time 
afterwards  when  convenient,  were  cut  off.  There  was  2  ft.  of  ice  over 
the  river  at  the  time,  and  when  the  piles  were  sawed  oft",  perhaps 
15  ft.  below  the  surface,  the  butts  were  covered  with  solid  ice  all  the 
way  from  top  to  bottom.  The  only  explanation  we  could  give  was 
that  the  water  was  in  the  condition  Mr.  Herschel  describes;  it  was  just 
at  that  point  when  it  would  give  up  the  latent  heat.  Something  that 
would  remove  enough  of  the  latent  heat  to  convert  it  into  ice  was 
all  that  was  necessary.  We  accounted  for  the  formation  of  this  ice  by 
the  fact  that  these  piles  were  exceedingly  cold  when  driven,  and  that 
the  frost  penetrated  down  through  the  piles.  I  think  the  same  thing- 
is  true  of  these  gates.  The  top  of  the  gate  is  out  of  water  ;  it  becomes 
much  colder  than  the  water  can  become  withoiit  freezing,  and  contact 
with  it  freezes  the  latter  far  down  below  the  surrounding  ice  that  is 
covering  the  surface  of  the  water. 

Mr.  Herschel. — The  gentleman  has  described  what  I  have  at- 
tempted to  describe  to  the  meeting.  ■  I  know,  I  think,  a  little  about 
anchor  ice,  but  I  have  not  wished  to  discuss  it  to-day.  The  kind  of  ice 
that  I  think  is  the  worst  is  what  I  wished  to  describe. 

Mr.  Keefee. — I  would  like  to  ask  if  the  piles  were  standing  in  open 
water,  and  slush  ice  above  and  below? 

Mr.  O'RouBKE. — It  was  very  rapid  water;  the  pier  was  at  the  side 
of  an  island  in  the  channel. 

Mr.  Keefee. — Then  there  Avas  open  Avater  above? 

Mr.  O'RouEKE. — No,  sir. 

Mr.  Keefeb. — Was  there  water  tmcovered  by  ice  anywhere  above 
where  the  piles  stood? 
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Mr.  O'RoTJBKE. — No,  sir;  the  water  was  not  all  over  the  iiiles. 

Mr.  WoRTHEN.— How  far  up? 

Mr.  O'RouEKE. — There  was  perhaps  3  ft.  of  ice  all  over  the  river. 

Mr.  WoETHEN. — How  far  up  was  it  frozen  over? 

]VJr.  O'RoTJKKE. — It  was  frozen  over  all  the  way  up  as  far  as  yoii 
could  see. 

Mr.  Keefek. — Then  there  was  no  oisen  water  above  that  point? 

Mr.  O'RouRKE. — Only  such  as  was  caused  by  the  progress  of  the 
work.     There  was  no  opportunity  for  slush  ice  to  form. 

Mr.  Keefek. — My  reason  for  asking  the  question  is  that  we  find 
anchor  ice  w-ill  rtin  10  or  12  miles,  more  or  less,  according  to  strength 
of  current,  under  the  surface  ice.  That  is  a  common  occurrence  in  the 
St.  Lawrence;  in  fact,  at  the  beginning  of  winter  it  passes  through  the 
whole  length  of  the  river  before  that  is  frozen  over.  At  the  ice  bridge, 
which  first  forms  below  Montreal,  the  floating  anchor  ice  is  carried 
under  the  surface  of  the  bridge  ice  and  accumulates  until  it  hangs 
down  from  the  under  side  like  a  gigantic  wasjj's  nest;  50  ft.  down, 
in  some  cases,  where  the  water  is  deeiJ  enough.  I  have  found  it  to  ex- 
tend 90  ft.  below  the  surface  at  the  head  of  Lake  St.  Louis  and  foot  of 
a  long  rapid. 

With  regard  to  the  formation  of  anchor  ice,  I  think  it  has  been  cor- 
rectly stated  by  Mr.  Worthen  and  others,  but  as  to  its  starting  on  the 
bottom  or  growing  on  the  bottom  I  believe  the  explanation  to  be  this: 
We  find  that  at  the  first  the  whole  surface  of  the  St.  Lawrence  River 
is  covered  with  the  slush  ice,  which  are  needles  of  crystallization 
broken  up  by  wind  and  current  and  drawn  together  by  mutual  attrac- 
tion into  little  bodies  and  masses,  and  sometimes  you  will  see  the  sur- 
face of  the  St.  Lawrence  covered  with  slush  ice.  That  passes  down 
until  the  water  gets  cold  enough  to  bridge  the  river  over,  and  where  a 
lake  or  the  tide  meets  it  a  bridge  is  formed,  and  the  descending  anchor 
ice  gets  directly  under,  and  it  glides  along  on  the  other  side  until  its 
velocity  is  sufficiently  retarded  by  friction  to  permit  it  to  stop,  when  it 
freezes  to  the  under  side  of  the  ice  and  grows  downwards.  When  the 
descending  ice  has  been  elbowed  by  the  current  into  all  the  side  chan- 
nels, confining  the  main  current  into  one  central  jiart  that  carries  this 
ice  so  much  farther  down  iintil  arrested  by  the  surface  ice,  Avhen  it 
grows  downward,  forming  a  suspended  dam,  and  then  the  river  begins 
to  rise  and  backs  wp  until  the  winter  level  is  10  or  15  ft.  above  the 
summer  one,  and  the  wharves  of  Montreal  are  covered. 

As  you  all  know,  and  as  Mr.  Francis  demonstrated,  the  surface 
water  in  a  strong  current  or  rapid  descends  to  the  bottom  and  rises 
again  all  the  time;  this  not  only  reduces,  as  I  believe,  the  temperature 
of  the  water  at  the  bottom  to  the  freezing  point,  but  decidedly  below 
it,  and  what  only  prevents  the  water  from  freezing  solid  is  its  motion ; 
if  it  rested,  it  would  freeze  at  once.     The  result  of  that  is  that   a  cur- 
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rent  of  water  colder  than  tlie  freezing  point  passes  over  the  stony  bot- 
tom which  causes  a  rapid  radiation  and  reduces  the  temperature  of  the 
bottom  (as  would  a  cold  wind  the  human  body)  to  such  a  point  that  the 
ice  needles  in  the  water  take  hold  of  the  bottom,  or  the  bottom  takes 
hold  of  them,  and  "  anchored  "  ice  grows  rapidly.  I  have  known  it 
to  cover  the  whole  bottom  of  the  St.  Lawrence,  which,  in  open  water, 
it  covered  to  a  depth  of  2  ft.  before  it  stopped  growing.  I  have  gone 
out  on  the  river  and  put  a  pole  down  and  pried  up  some  of  it,  and 
it  would  come  up  with  a  rush  and  then  float  down.  I  have  gone  out 
when  the  thermometer  was  20°  below  zero  and  I  have  looked  out  over 
the  surface  of  the  river  and  it  was  as  clear  as  the  Niagara — no  ice  on  it ; 
there  had  been  several  days  of  below-zero  weather,  and  then  suddenly 
the  thermometer  rose  to  40°,  the  ice  let  go  from  the  bottom  and  the 
whole  surface  would  be  dotted  with  white  caps.  They  would  burst 
up  from  the  bottom,  drain  out  at  the  top  and  settle  down  with  90"u 
of  depth  below  surface  and  sail  away  down.  I  have  no  doubt  that 
our  ice  floods  in  Montreal  are  entirely  due  to  anchor  ice.  Bridge 
ice,  surface  ice  of  any  kind,  would  never  sink  and  could  not  cause  a 
dam,  because  these  floods  take  place  when  the  flow  of  the  river  is  a 
minimum,  there  being  no  flow  at  all  from  the  surface,  and  none  but  the 
very  large  streams  bringing  in  much  water.  I  believe,  therefore, 
that  the  whole  of  our  enormous  winter  floods  at  Montreal  is  due  en- 
tirely to  anchor  ice  formed  in  this  way.  It  should  be  explained  that 
the  ice  bridge  is  formed  of  floating  ice,  tilted  by  the  current  and  stand- 
ing on  edge  and  exceedingly  rough  on  the  under  side,  just  suited  to 
catch  and  hold  the  anchor  or  slush  ice  which  only  goes  under. 

Akthuk  De  Witt  Foote,  M.  Am.  Soc.  C.  E.  (by  letter). — The  ab- 
stract of  the  very  interesting  description  of  these  large  head-gates  built 
by  Mr.  Freeman  reached  me  sometime  after  it  was  issued,  but  was  of 
particular  intex-est,  as  I  was  just  finishing  a  design  for  a  series  of  gates 
of  almost  precisely  the  same  size  and  intended  to  bear  about  the  same 
pressure. 

Some  years  ago  I  designed  a  large  gate  for  use  under  a  heavy  press- 
ure to  run  on  wheels  on  a  track  like  an  inverted  flat  car,  but  in  that 
case  the  gate  was  of  steel  and  did  not  touch  the  abutments.  In  other 
Avords,  the  gate  Avas  held  by  the  wheels  so  as  to  allow  a  ^-in.  clearance 
and  consequent  leakage  betweea  its  face  and  the  structure.  The 
leakage  was  no  objection,  except  as  it  might  draw  drift  into  the  crack 
and  wedge  the  gate.  Wishing  to  avoid  this  crack  in  my  present  work 
I  was  led  to  contrive  something  that  would  close  it  and  still  keep  the 
gate  from  bearing  on  the  abutments  and  consequently  "  sticking." 

Here  is  where  Mr.  Freeman's  method  of  having  recesses  for  the 
wheels  to  drop  into  and  thus  bring  the  gate  to  a  bearing  appears  to 
me  to  have  serious  objections.  The  gate  not  only  will  "stick,"  but 
the  first  few  inches  that  the  Avheels  travel  on  their  way  upward  is  up- 
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liill  in  reference  to  their  load  or  pressure  as  well  as  in  reference  to 
gravity. 

I  have  therefore  kept  the  track  for  the  wheels  straight,  carrying 
the  gate  so  as  to  give  2  ins.  clearance  from  the  abutments,  and,  in 
between  the  tracks  and  the  inner  vertical  corners  of  the  gate,  3-in. 
pipes  or  rollers  are  fixed  in  such  a  way  that  they  can  roll  backward 
and  forward  3  or  4  ins.,  yet  touching  the  abutment.  The  upper 
ends  of  these  pipes  or  rollers  are  tapered  so  that  the  corners  of  the 
gate  in  descending  will  not  strike  them,  but  will  wedge  or  roll  them 
to  one  side  and  pass  down  between.  The  pressure  of  the  water  will 
hold  these  rollers  in  place  so  as  to  fill  the  crack  or  clearance  space 
between  the  gate  and  the  structure.  The  accompanying  detail  draw- 
ing will  show  the  position  of  the  rollers  and  method  of  holding  them 
so  that  they  can  roll  each  way. 

A  3-in.  pipe  is  used  simply  because  it  is  a  cheap  form  of  roller. 


PL /IN 
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Sxoivine 

It  will  be  observed  that  with  this  method  the  only  friction  pro- 
duced by  the  gate  itself  when  being  raised  is  that  between  its  vertical 
corners  and  the  rollers,  The  pressure  forcing  these  rollers  against 
the  gate  would  equal,  approximately,  the  water  pressure  on  an  area 
3  ins.  wide  and  as  high  as  the  gate,  an  insignificant  amount  compared 
with  the  pressure  against  a  10  x  12-ft.  gate. 

On  the  top  of  the  gate  something  similar  in  j^rinciple  might  be 
used,  but  for  my  present  work  I  shall  simply  fit  a  piece  on  to  work  as 
close  to  the  face  of  the  structure  as  possible  and  expect  a  trifling 
leakage. 
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In  the  matter  of  a  gate  hoist  I  have  adopted  two  stems  with  the 
ordinary  form  of  ratchets  and  connected  geared  winches,  one  turn  of 
the  handle  raising  the  gate  I  in.  I  have  arranged  the  cog  wheels  next 
the  ratchets,  however,  so  that  each  have  two  bearings,  one  on  each 
side,  close  to  the  wheel,  having  found  that  where  a  bearing  on  one  side 
only  is  used,  the  shaft  is  liable  to  spring  imder  heavy  strain  sufficiently 
to  break  the  cogs. 

Of  course,  the  idea  embodied  in  the  foregoing  has  not  borne  the 
test  of  experience,  and  it  may  seem  ungracious  to  present  it  as  an  im- 
jDrovement  on  Mr.  Freeman's  design  which  is  working,  and  working 
well  I  have  no  doubt;  yet,  as  an  idea  it  may  be  worth  the  record- 
ing, and  if  it  jarove  a  success  Mr.  Freeman  will  be  the  first  to  Avel- 
come  it. 

KoBEKT  A.  CuMMiNGS,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — If  the 
distinguished  author  of  this  paper  deems  it  necessary  to  exj^ress  his 
motif  for  communicating  it  to  the  Society,  it  would  seem  obligatory 
for  a  younger  member  to  apologize.  It  is  therefore  with  a  considerate 
deference  to  the  views  of  the  axithor  that  the  writer  ventures  on  the 
floor  of  discussion. 

The  method  here  adopted  for  reducing  the  friction  in  raising  canal 
head-gates  has  given  rise  to  a  vigorous  oral  discussion,  during  which 
it  was  pointed  out  that  one  man  could  do  the  work  effectually  by  sim- 
pler means. 

Realizing  the  enormous  sliding  friction  of  the  contact  surfaces  of 
head-gates  with  a  high  river  and  empty  canal,  it  is  obvious  that  what- 
ever power  is  applied  in  raising  the  gates,  does  not  reduce  their  fric- 
tional  resistance.  The  author,  therefore,  has  used  a  rolling-friction 
method  to  reduce  the  frictional  resistance,  but  with  the  multiplication 
of  moving  parts,  bearings,  etc. ,  the  writer  would  ask  Avhat  is  the  esti- 
mated saving  in  friction? 

The  probability  of  dirt  settling  in  the  bearings  and  corroding 
them  makes  it  an  exceptional  piece  of  construction,  the  future  opera- 
tion of  which  would  be  interesting.  A  comparison  of  the  theoretical 
and  actual  power  absorbed  by  the  rolling  friction  of  the  gates  would 
give  some  much-desired  information  on  rolling  friction  under 
pressure. 

The  writer  desires  to  record  a  method  devised  by  him  for  reducing 
the  sliding  friction  of  head-gates,  which  it  is  thought  may  have  a  wide 
api^lication  in  similar  structures. 

Returning  to  the  author's  method  it  is  self-evident  that  the  clear- 
ance of  i  in.  or  \  in.  from  sliding  contact  is  the  main  advantage  secured 
where  the  rollers  carry  the  load.  This  clearance  of  contact  surfaces 
the  wx'iter  accomplishes  with  a  plain  ordinary  gate  by  introducing 
between  the  surfaces  a  film  of  water  under  pressure.     The  gate  slides 

the  water  only  and  is  raised  in  the  usual  manner  or   by   a   hy- 
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ilraiilic  ram.  The  escape  of  the  water  is  of  inappreciable  consequence. 
The  pressure  may  be  readily  obtained  from  a  hydrostatic  hand  pumj), 
an  elevated  tank,  or  as  circumstances  dictate. 

The  formation  of  anchor  ice,  which  is  so  common  in  the  winter,  must 
be  cared  for  by  a  portable  steam  boiler  and  warm  water  used  as  press- 
ure water.  The  temperature  of  the  metallic  portions  of  head-gates 
has  a  natural  tendency  to  be  uniform  ia  a  more  or  less  degree, 
which  may  account  for  the  formation  of  anchor  ice  below  water- 
line. 

James  Francis,  M.  Am.  Soc.  C.  E.  (by  letter). — The  discussion  of 
Mr.  Freeman's  design  of  the  hoisting  device  for  the  head-gates 
at  Sewall's  Falls  gives  me  the  opportunity  to  describe  briefly  a 
form  of  gate  which  has  been  in  use  at  Lowell  during  the  past  10 
years. 

The  proprietors  of  the  locks  and  canals  on  Merrinlack  River  have,  at 
the  present  time,  six  gates  at  five  different  places,  which  can  be  moved 
from  their  seats  by  various  methods,  and  the  loads,  due  to  the  pressure 
of  water  against  them,  together  with  the  weight  of  the  gates,  can  be 
transferred  to  bearings,  resting  upon  four  to  six  wheels  for  each  gate, 
and,  after  this  transfer  has  been  made,  the  gates  can  be  operated  up 
or  down,  like  a  car  on  a  railroad  track,  with  the  rails  in  a  vertical 
jjosition. 

The  first  appliance  of  wheels  to  water-gates,  in  Lowell,  was  made 
about  10  years  ago,  at  the  speed-gate  of  a  turbine,  where  the  water  was 
admitted  to  the  buckets  through  a  wood  scroll.  The  gate  was  3|  ft. 
long  by  2-ft.  rise. 

The  very  old  hoisting  arrangement  there,  consisting  of  a  small 
worm  and  gear,  in  connection  with  a  rack  and  pinion,  had  become 
worn  out,  and.  a  new  device,  invented  and  afterwards  patented  by 
Cleveland  J.  Cheney,  the  Superintendent  of  Labor,  was  substituted. 
It  was  a  crude  apparatus,  but  it  served  the  purpose  of  operating  the 
gate  quickly  and  easily,  after  the  load  was  transferred  to  the  four 
wheels. 

Most  of  the  other  gates  are  placed  in  the  wasteway  dams,  which  are 
situated  at  various  parts  of  the  canal  system,  and  they  are  operated 
under  heads  of  water  varying  from  8  to  15  ft. ,  or  more,  above  the  sills. 
The  later  designs  are  vastly  superior  to  the  first  one  which  was  built 
10  years  ago.  These  gates,  which  have  a  pressure  of  water  against 
them  varying  from  2  to  15  tons,  and  sometimes  more,  can  be  readily 
and  quickly  operated  by  one  man. 

The  first  operation  to  be  performed  is  to  transfer  the  load  from  the 
seat  of  the  gate  to  the  wheels,  which  in  the  latest  designs  can  be  done 
by  turning  one-fourth  round  a  vertical  cam  rod  placed  near,  and 
l^arallel  with,  the  end  of  the  gate  by  means  of  a  lever,  and  then  turn- 
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iug  another  similar  cam  rod  at  the  other  end  of  the  gate,  which  jsro- 
duces  the  effect  desired,  viz.,  the  transfer  of  the  load  from  the  seat  of 
the  gate  to  the  four  or  six  wheels,  which  now  bear  upon  the  cam  rods. 
The  cam  rods  are  made  of  steel,  and  they  are  secured  in  metallic  boxes 
or  journals  at  the  sills  and  again  near  the  top,  and  are  made  long 
enough  to  reach  to  a  point  above  the  surface  of  the  water,  where  the 
operator  can  work  the  lever  to  the  best  advantage. 

After  this  operation  is  completed,  the  gate  can  be  readily  raised, 
with  the  expenditure  of  but  little  power  compared  to  the  power  that 
would  be  required  ^"ithout  the  wheels,  by  turning  a'crank  which  is 
connected  by  gearing  with  the  vertical  start  or  post  Avhich  is  attached 
to  the  gate. 

The  gate  can  be  lowered  with  equal  facility,  and,  after  it  is  shut, 
the  cam  rods  are  turned  back,  and  the  gate  is  relieved  from  the  wheel- 
bearings  and  comes  to  a  firm  seat  against  the  slides,  which  jarevents 
any  further  leakage  around  the  sides. 

The  important  feature  of  this  design  is  the  transfer  of  the  load  to 
the  wheels  before  the  gate  is  started. 

Another  feature  regarded  as  essential  is  the  counterpoise,  which 
serves  to  balance  the  gate  and  to  equalize  the  power  of  raising  and 
lowering. 

The  writer  regrets  that  he  has  not  been  able  to  jjrepare  drawings  of 
the  gate  machinery  described  within  the  time  left  to  him  since  his 
attention  has  been  called  to  this  matter. 

John  E.  Freeman,  M.  Am.  Soc.  C.  E.  (by  letter). — I  had  hoped  to 
present  this  paper  in  person,  and,  if  then  joining  orally  in  the  dis- 
cussion, could,  perhaps,  have  made  some  points  more  clear. 

I  am  pleased  that  the  design  received  such  full  discussion,  and 
there  is  no  part  for  which  I  am  more  grateful  than  for  the  frank  criti- 
cism by  my  friend  Mr.  Herschel. 

I  understand  Mr.  Herschel's  criticism  on  roller-bearings  is  directed 
more  particularly  toward  cases  where  water-power  or  other  power  is 
available  for  hoisting  the  gate,  not  cases  where  hand-power  must  be 
used  from  reasons  of  first  cost. 

The  intimations  as  to  what  may  be  feared  from  ice  prompts  the  reply 
that  I  was  not  without  thoughts  of  this  when  making  the  design,  and 
can  yet  see  no  grounds  for  fear. 

Ten  years  of  winter  and  summer  work  on  and  around  one  of  the 
chief  water-powers  of  New  England  did  not  permit  me  to  fprget  that 
water  is  not  always  fluid,  or  to  forget  that  zero  weather  and  ice, 
freshets  and  driftwood,  control  the  factor  of  safety  in  structures  of 
this  class  ;  neither  can  I,  after  having  supervised  repairs  wpon  two  or 
three  bad  washouts,  in  different  jjarts  of  New  England,  forget  that  an 
important   canal   guard-gate   should   be  cajjable   of    closing    quickly 
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against  an  empty  canal,  with  biit  one  pair  of  liands  for  a  prime 
mover. 

Replying  further,  in  order,  to  the  vaiious  comments  and  criticisms, 
I  submit  that: 

Fh-sf. — One  superiority  of  the  rack  and  pinion  gate-hoist  over  the 
screw  and  nut  gate-hoist,  for  low-cost  work  and  exposed  situations,  is 
that  it  is  miich  cheaper.  The  rack  and  pinion  is  almost  wholly  foundry 
work,  worth  finished,  say,  3  cents  per  pound,  with  a  little  carpenter 
work  on  the  ujjrights  ;  the  other  (say  a  5-in.  wrought-iron  screw  14  ft. 
long)  is  machinist's  work  of  an  expensive  class. 

The  rack-gear  is  more  easily  freed  from  ice  than  the  screw,  and,  with 
the  massive  timber  gate-start  behind  it,  can  better  withstand  a  log-jam 
or  ice-thrust  than  the  more  slender  screw. 

Gates  lifted  by  screws  should  be  placed  within  chambers,  with  a 
masonry  wall  carried  over  the  up-stream  ends  of  the  sluice-piers,  to 
serve  for  a  fender  and  to  house  them  from  extreme  cold.  This  again 
adds  to  the  expense. 

Second. — Doubts  concerning  a  mechanism  Avhich  runs  down  free, 
controlled  only  by  a  hand  brake,  may  be  lessened  in  view  of  the  suc- 
cessful use  of  precisely  this  means  of  lowering  at  the  North  Canal 
head-gates,  at  Lawrence,  Mass.,  twice  each  day  for  about  46  years. 
The  quickness  and  ease  with  which  a  gate  can  thus  be  lowered,  for 
about  two-thirds  of  its  height,  is  a  point  in  its  favor,  and  led  me  to 
dispense  with  the  counterpoise. 

Third. — The  collection  of  gravel  or  rubbish  against  the  rebate  of 
the  sill  is  provided  for  by  a  triangular  block,  which  does  not  shoAv 
clearly  in  the  engraving.  This  forms  an  incline  at  about  30°  just 
up  stream  from  the  fac6  of  sill,  with  the  top  of  the  slope  about  3  ins. 
below  the  bottom  of  gate,  and  it  is  my  hope  and  expectation  that 
should  any  gravel  or  similar  obstruction  not  scour  through,  that,  when 
pressed  by  the  descending  gate,  it  will  be  pushed  uj)  stream  down  this 
slope  enough  to  let  the  gate  lap  over  the  sill  enough  for  a  water-tight 
joint.  Moreover,  it  is  probable  that  gravel,  sand  or  water-logged  rub- 
bish, rolling  along  down  stream,  will  not  fill  up  entii'ely  flush  with  the 
up-stream  edge  of  a  sill  where  there  is  so  swift  a  current,  but  will 
scour  out  a  few  inches  below  its  up-stream  edge. 

One  trouble  that  I  have  noticed  in  closing  other  large  sluice-gates 
tight  has  come  from  water-logged  brushwood  getting  caught  under 
the  gate ;  therefore  in  this  design,  and  in  one  large  gate  previously 
designed,  I  thought  I  would  try  making  the  lower  edge  of  the  gate 
and  the  edge  of  its  sill  into  a  pair  of  mighty  shears. 

So  far,  the  gate  built  in  this  way  has  proved  very  satisfactory,  and 
the  first  one,  just  refei'red  to,  though  often  oj)ened  and  shut,  and  with 
its  leakage   always  in  plain  view,  is  remarkably  tight  without  any 
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necessitv  for  the  "dusting"  of  ashes,  shavings  and  the  like,  pre- 
scribed by  Mr.  Herschel  for  gates  with  a  flush  sill ;  and,  by  the  "way, 
as  I  have  on  perhaps  a  dozen  or  twenty  occasions,  passed  some  long 
and  weary  midnight  hours  waiting  to  enter  a  flume  or  wheel-pit, 
watching  men  bring  coal  ashes,  gravel,  picker  dustings  and  burlaps  by 
the  barrelful  and  diimp  them  in  front  of  a  gate  with  a  flush  sill.  I 
know  that  a  flat -sill  gate  can  not  "  always  be  made  water-tight  by  half 
a  dozen  shovelfuls  of  ashes,"  etc. 

Fourth.— ^oUer  wheels  on  head-gates  would  in  many  cases  be  un- 
necessary. At  the  head  of  an  ordinary  turbine  penstock,  or  at  the 
back  gate  of  a  wheel-pit,  they  would  generally  be  an  unnecessary  com- 
plication, for  such  gates  are  seldom  closed.  The  pressure  on  opposite 
sides  can  commonly  be  balanced  while  closing  or  raising,  or  in  an 
emergency.  At  the  time  of  a  breakdown  there  are  many  willing  hands 
around  to  fui'nish  abundant  power. 

For  a  waste-gate  to  prevent  an  important  canal  or  reservoir  from 
overflowing,  for  the  guard-gates  at  the  head  of  a  canal  with  easily  de- 
structible embankments,  for  a  large  regulating  gate  which  must  often 
be  ojjened  and  shiit  without  counterbalancing  pressure  on  its  down- 
stream side,  for  imi^ortant  controlling  gates  ofi"  in  the  woods  at  the 
end  of  a  telephone  wire,  I  still  believe  such  devices  as  roller-bearings 
to  be  of  great  value  in  enabling  one  man  to  exert  the  power  of  three 
men,  or  conversely,  to  do  the  work  in  one-third  of  the  time  possible 
with  slow  gearing. 

The  first  gate  that  I  built  with  roller-wheels  was  put  in  service 
about  three  years  ago.  It  is  over  an  opening  of  28  sq.  ft.  area,  under 
10-ft.  head  on  its  center,  and  with  no  back  jaressure.  The  rollers  can 
be  thrown  into  play  or  out  at  pleasxire.  The  master  mechanic  of  the 
factory  in  whose  yard  this  gate  stands  has  lately  been  making  some 
experiments  on  that  gate  by  hanging  weights  on  the  hand  cranks,  placed 
horizontally,  and  finds  that  33  lbs.  "will  move  the  gate  when  the  wheels 
are  in  play,  and  that  140  lbs.  are  needed  when  the  wheels  are  thrown  ofl". 

This  simple  expedient  of  the  wheels,  therefore,  enables  '22\%  of  the 
power  to  do  the  same  work,  or  one  man  to  do  the  work  with  the  rollers 
with  the  same  ease  as  four  men  without  the  rollers. 

This  earlier  gate  was  described  by  me  in  connection  "with  an  ice 
weir  in  a  pajjer  before  the  American  Society  of  Mechanical  Engineers 
(June,  1894,  Vol.  XV  of  Transadiona),  and  the  points  therein  developed 
bear  upon  this  question. 

This  earlier  structure,  with  its  roller-bearings,  has  passed  through 
two  winters,  one  of  them  excejitionally  severe.  The  gate  is  at  the 
center  of  a  wasteway  for  running  off'  ice,  and  not  the  slightest  defect 
or  difficulty  with  any  part  of  it  has  developed. 

It  stands  guard  against  the  overflo"wing  of  a  canal  2  miles  long,  with 
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an  easily  destructible  embankment  of  pure  sand,  and  it  was  thought 
desirable  to  have  a  waste-gate  which  a  night-watchman  could  raise 
quicklv.  The  roller-wheels  enable  one  man  to  do  the  work  of  four,  as 
already  stated. 

Fifth. — Power  other  than  manual  strength  for  hoisting  head-gates  is 
a  good  thing  when  you  can  aflbrd  it,  but  out  of  the  many  large  American 
water-powers,  only  Holyoke,  Lowell,  Bellows'  Falls  and  Manchester 
are  the  ones  which  I  recollect  as  having  seen  possessing  it.  Lawrence, 
Lewiston,  Kumford  Falls,  Palmer's  Falls,  Berlin  Falls,  Nashua,  Spokane 
and  probably  some  scores  of  others  of  above  2  000  H.  P.  are  without 
power  hoists. 

For  the  great  majority  of  these  the  head-gates  are  worked  but 
seldom,  and  then  under  circumstances  when  it  does  not  matter  much 
whether  one  man  or  sis  is  detailed  for  this  short  job. 

To  illustrate  the  conditions  governing  in  many  cases,  here  at 
Sewall's  Falls  to  put  a  turbine  with  accessories  and  connections  for 
working  the  gates  would  have  added  probably  at  least  ^3  000  to  the 
cost,  and  perhaps  more,  and  it  would  have  stood  idle  months  at  a 
time. 

To  multiply  the  gearing  so  that  one  man  could  work  it  comfortably 
would  make  the  time  of  hoisting  or  of  shutting  in  an  emergency  in- 
tolerably slow.  Now,  what  did  these  roller-wheels  with  theii-  trunions 
and  special  railway  add  to  the  cost?  The  four  for  each  gate  cost, 
altogether,  about  §185.     I  think  they  are  worth  this. 

Be  it  noted,  so  little  do  they  add  to  or  complicate  or  modify  the 
structure,  the  hoisting  rigging  and  the  gate  being  complete  without 
them,  they  could  be  taken  oflfiu  a  few  hours,  and  without  adding  any- 
thing whatever  in  their  place,  there  would  be  left  an  excellent  exam- 
ple of  a  gate  fully  equipped  for  being  pulled  up  by  four  men  to  a  crank 
in  the  good  old-fashioned  way,  for  all  the  rigging  above  is  made  as 
strong  as  though  the  roller  bearings  did  not  exist. 

Sixth. — I  don't  see  how  these  roller  trucks  are  Ukely  to  get  injured 
by  ice,  for  it  will  be  noted  they  are  extremely  massive,  but  siippose 
the  rollers  and  their  tracks  become  encased  in  ice,  how  can  their  exist- 
ence increase  the  chance  of  breakage?  You  then  will  have  at  the  start 
merely  four  "sled  runners  "  instead  of  four  wheels,  and  a  20-ton  pull 
available  to  start  the  load,  and  with  an  axe  and  a  pry  and  an  '•  arch- 
kettle  "  full  of  hot  water,  the  chances  are  fair  that  the  gate  can  be 
started  at  least  as  easily  as  in  the  days  of  yore. 

A  slow-speed  arrangement  of  great  power,  such  as  Mr.  Herschel 
recommended,  is  provided  in  the  ratchet  bar,  forming  a  part  of  this 
outfit,  and  by  the  time  the  man  has,  under  the  powerful  purchase  of 
this  device,  pulled  the  gate  up  2  or  3  ins.,  the  ice  lodged  in  the  wheel 
trunions,  or  along  the  track,  will  probably  crush  and  cease  to  be  very 
much  of  an  incumbrance. 
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For  Mr.  FitzGerald's  contribiition  to  this  discussion,  I  must  return 
special  thanks,  since  the  20  years'  successful  use  of  his  roller-Avheel  de- 
vice strengthens  my  confidence  in  the  success  of  the  gate-rollers  de- 
scribed in  this  paper.  It  is  curious  to  see  how  closely  the  two 
independent  designs  run  parallel  in  the  manner  of  lifting  the  gate  off 
its  slides  by  wedge-like  tracks.  I  had  seen  no  such  arrangement 
before. 

Mr.  Hiram  F.  Mills,  C.  E.,  at  about  the  same  time  that  these  Sewall's 
Falls  gates  were  built,  was  introducing  a  very  similar  device  of  his  own 
design  at  the  canal  head-gates  on  the  large  water-power  at  Winslow, 
Me. 

The  device  which  Mr.  Fanning  has  contributed  to  this  discussion, 
with  its  remarkable  low  cost  and  its  eight  years'  record  of  successful 
use,  appears  to  have  a  special  field  of  usefulness. 

After  learning  also,  of  the  ingenious  device  of  Mr.  Foote,  in  con- 
nection with  large  gates  carried  upon  rollers,  I  can  but  feel  much 
pleased  to  find  that  my  use  of  roller  bearings  has  brought  me  into  such 
excellent  company,  and,  when  my  opportunity  comes  to  try  again,  I 
shall  surely  profit  by  this  present  discussion. 

Again,  if  trying,  I  should  consider  the  avoiding  of  the  endless 
screw  arrangement,  and  using  a  secondary  gear  or  two  to  gain  the  same 
speed  reduction  and  gain  in  force,  with,  if  jjossible,  less  loss  in  friction 
than  involved  by  the  best  of  worm  gearing. 

In  experimenting  recently  at  Sewall's  Falls,  with  this  apparatus  at 
the  top  (which  has  not  been  properly  protected  from  the  weather,  or 
well  oiled,  and  has,  therefore,  become  quite  rusty),  I  find  that  the 
sharp  angle  of  advance  of  the  worm  screw  causes  it  to  bite  against 
the  cast  surface  of  the  worm  wheel  with  rather  too  much  friction. 
This  action  being  more  noticeable  than  in  an  earlier  design  where  cut 
Avorm  gears  were  used. 

Mr.  Wm.  E.  Worthen  has  brought  forward  another  style  of  gate 
which  certainly  has  miich  to  commend  it  for  certain  situations  in  fur- 
nishing at  once  a  waste-weir  and  a  balanced  gate.  I  have  had  some  ex- 
perience with  these,  but  had  supjjosed  them  indigenous  to  about  the 
latitude  and  longitude  of  Southern  New  Hampshire,  and  that  they 
were  the  invention  of  Daniel  Hussey,  years  ago  a  noted  millwright  and 
cotton  manufacturer.  From  one  caxise  and  another,  the  half  dozen 
large  gates  of  this  type  which  I  have  happened  to  see  have  been  dis- 
placed within  10  years  past  by  gates  of  the  vertical,  flat,  sliding  type. 
It  is  biit  fair  to  say  that  none  of  these  was  planned  with  such  stiff  and 
rigid  foundations  as  might  have  been  used  advantageously,  and  were 
less  strong  in  their  bearings  and  supports  than  would  be  designed  by  an 
engineer  of  Mr.  Worthen's  great  experience. 

The  men  who  operated  these  old  "  tub-gates,"  as  they  were  called. 
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were  prone  to  concur  in  tlie  view  expressed  by  Mr.  Hersehel  and  wish 
them  in  Andalusia,  Arizona  or  some  other  hot  country, where  ice  never 
forms;  still  the  type  seems  to  possess  marked  advantages  for  a  drain- 
gate  and  with  only  the  drawback  that,  so  far  as  my  little  experience 
with  them  goes,  it  is  sometimes  difficult  to  shut  them  tight.  It  cer- 
tainly is  a  type  which  ought  to  survive  and  for  quick,  easy  action, 
for  perfect  balancing  of  the  water  pressure,  and  for  containing  within 
itself  an  over-flow  weir  of  very  considerable  crest  length,  it  excels  any 
type  with  which  I  am  acquainted. 

They  apjjear  better  adapted  for  a  gate  to  be  kept  shut  than  for  a 
gate  to  be  kept  open,  and  where  the  friction  loss  in  the  water  flcw-ing 
through  them  must  be  kept  small,  they  present  the  same  disadvan- 
tages as  a  globe  valve,  the  two  sharp  right-angle  turns  to  the  current. 
By  reason  of  the  space  they  occupy  tliey  are  not  well  adapted  to  handle 
very  large  quantities  of  water,  as,  for  instance,  upward  of  1  000  cu.  ft. 
per  second. 

For  canal  guard-gates  alongside  a  river,  I  should  always  distrust 
them  by  reason  of  the  tortuous  passage  (like  that  through  a  globe 
valve),  not  i?ermitting  a  drift  log  to  pass. 

On  the  question  of  anchor  ice,  it  may  not  be  amiss,  since  two  of  our 
members  have  called  attention  to  the  desirability  of  a  special  turbine 
for  furnishing  power  to  hoist  the  gates,  to  recall  how  anchor  ice  stop- 
ped the  working  of  the  gate-hoisting  turbine  at  the  Northern  Canal  in 
Lowell  once  many  years  ago.  In  the  early  morning  just  before  start- 
ing time  for  the  mills,  the  turbine  speed-gate  was  raised,  that  the  main 
sluice-gates  might  be  opened.  The  turbine  immediately  plugged  up 
with  the  interlacing  needles  of  anchor  ice  and  would  not  move.  Thou- 
sands of  operatives  were  waiting  to  begin  their  day's  labor,  and 
tradition  says  things  were  in  a  terrible  state  around  that  gate-house 
for  two  or  three  hours,  but  just  as  other  means  had  been  improvised, 
the  sun  got  up  so  high  over  the  adjacent  walls  and  roofs  that  its  rays  fell 
in  the  water  in  front  of  the  feeder  to  this  turbine,  when  suddenly  the 
turbine  started  up  and  jogged  along  as  if  nothing  had  ever  been  the 
matter. 

To  the  very  interesting  remarks  of  our  Past  President,  Mr.  Keef er,  I 
will  add  but  one  brief  observation.  Ten  years  ago  I  was  making  sound- 
ings in  cold  December  weather  at  mid-channel  in  some  rapids  on  the 
Merrimack  Eiver  from  a  boat  held  by  ahawser  stretched  between  trees 
on  the  bank.  The  cold  had  not  yet  fully  closed  in  the  river  above. 
On  prodding  the  rocky  bottom  with  my  sounding  rod,  I  found  it  almost 
everywhere  covered,  even  in  swift  current,  with  irregular  masses 
of  interlaced  needles  of  ice  from  2  to  4  ins.  in  thickness.  I  pulled  up 
many  bunches  with  my  boat-hook  and  in  some  more  shallow  places 
could  see  their  spongelike  masses  jjlaiuly  in  situ. 
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The  special  peculiarity  which  I  noticed  was  that  the  bunch  was 
perhaps  four-fifths  Avater,  and  that  the  ice  crystals  ran  in  every  direct- 
ion like  shingle  nails  in  a  keg.  Thin  fingers  and  patches  of  surface  ice 
were  running  on  top  of  the  water,  but  their  crystals  were  in  the  hori- 
zontal plane,  while  in  this  anchor  ice  the  crystals  were  noticeably 
different. 
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WITH  DISCUSSION. 


On  December  1st,  ISSd,  a  paper  on  cement  testing,  written  by  Mr. 
Henry  Faija,  M.  Inst.  C.  E. ,  was  read  before  the  American  Society  of 
Civil  Engineers.  In  this  paper  Mr.  Faija  advocated  the  use  of  an 
apparatus  which  he  called  a  "steamer,"  and  which  he  claimed  would 
reveal  any  "blowey"  tendency  in  cements.  The  test  consisted  in 
keeping  pats  of  cement  in  vapor  and  in  water  at  a  temjierature  of 
about  llOo  Fahr. 

At  a  meeting  of  the  Society  on  May  18th,  1892,  W.  W.  Maclay,  M. 
Am.  Soc.  C.  E.,  presented  a  paper  on  hot  tests  for  cements,  in  which 
he  advocated  the  use  of  an  apparatus  which  was  exactly  similar  to 
that  of  Mr.  Faija,  as  a  means  of  discovei'ing  free  lime  in  cement.  Mr. 
Maclay,  however,  proposed  to  use  a  temj^erature  but  little  short  of 
the  boiling  point,  or  from  190  to  200^  Fahr. 

Between  the  dates  of  these  two  papers,  the  entire  subject  of  accel- 
erated tests  for  cements,  hot-water  tests,  oven  tests,  Bunsen  burner 
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WITH  DISCUSSION. 


I 


On  December  1st,  188d,  a  paper  on  cement  testing,  written  by  Mr. 
Henry  Faija,  M.  Inst.  0.  E.,  was  read  before  tlie  American  Society  of 
Civil  Engineers.  In  this  paper  Mr.  Faija  advocated  the  use  of  an 
apparatus  which  he  called  a  "steamer,"  and  which  he  claimed  would 
reveal  any  "blowey"  tendency  in  cements.  The  test  consisted  in 
keeping  pats  of  cement  in  vapor  and  in  water  at  a  temperature  of 
about  110°  Fahr. 

At  a  meeting  of  the  Society  on  May  18th,  1892,  W.  W.  Maclay,  M. 
Am.  Soc.  C.  E.,  jiresented  a  i^aj^er  on  hot  tests  for  cements,  in  which 
he  advocated  the  use  of  an  api^aratus  which  was  exactly  similar  to 
that  of  Mr.  Faija,  as  a  means  of  discovering  free  lime  in  cement.  Mr. 
Maclay,  however,  proposed  to  use  a  temperature  but  little  short  of 
the  boiling  point,  or  from  190  to  200°  Fahr. 

Between  the  dates  of  these  two  papers,  the  entire  subject  of  accel- 
erated tests  for  cements,  hot-water  tests,  oven  tests,  Bunsen  burner 
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It  follows,  then,  from  tliese  facts,  that  we  need  not  care  very  much 
about  free  lime,  if  only  it  is  well  slaked. 

Now  it  is  a  well-known  practice  in  German  cement  manufacture,  to 
make  cements  slow  setting  at  will  by  the  addition  of  sulphate  of 
lime  ;  and  it  proves  to  be  a  fact  that  when  cements  are  thus  rendered 
slow  setting  they  will  in  most  cases  at  once  stand  boiling,  although 
they  had  failed  to  do  so  when  the  set  was  quick.  This  fact  was  first 
called  to  the  writers'  attention  by  Mr.  Thomas  D.  Whitaker,  the  presi- 
dent of  the  Whitaker  Cement  Company,  and  has  since  been  qtiite  fully 
established.  Several  brands  of  English  and  American  Portland 
cements  which  would  not  "boil"  when  received,  readily  did  so  when 
made  slow  setting.  Even  a  cheap  grade  of  natural  cement  from  the 
Lehigh  Valley,  which  came  out  of  the  bath  j)erfectly  rotten  when  first 
tested,  was  found  to  be  firm,  hard,  and  stuck  to  the  glass  after  a  suit- 
able addition  of  sulj^hate.  Another  natural  cement,  which  had  been 
rendered  slow  setting  by  sprinkling  with  water  when  drawn  from  the 
kiln,  also  stood  the  hot-bath  tests  admirably. 

Not  only  is  it  true  that  cements  can  frequently  be  made  to  stand 
boiling  by  being  made  slow  setting,  but  they  will  carry  through  the 
hot  test  a  considerable  added  percentage  of  lime.  Thus  an  American 
Portland  cement,  which  at  first  would  not  "boil"  satisfactorily,  gave 
the  following  results  on  seven-day  tests  of  neat  briquettes  : 

No.  2  335 432  lbs. 

"    2  336 463    " 

"    2  337 503    " 

"2338 449    " 

"    2339 475    " 

Average 464  lbs. 

This  cement  was  then  rendered  slow  setting,  and  10  per  cent,  of 
quicklime  was  added  as  dry  powder,  and  two  briquettes  were  made 
from  the  mixture.  The  lime  was  ordinary  hard  burnt  lime  bought 
from  a  dealer  and  freshly  ground  for  the  test.  The  briquettes  swelled 
and  developed  cracks  in  the  moulds,  but,  after  setting  for  24  hours, 
were  put  in  the  hot  water  (180°  Fahr.)  and  kept  in  it  for  48  hours. 
They  were  then  tested  with  results  as  follows  : 

Experiment  No.  95 460  lbs. 

"  "    96 500    " 
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These  broken  briquettes  have  been  lying  on  a  shelf  ever  since  (over 
three  months),  and  are  hard  and  sound  -w-ith  no  signs  of  disintegi'ation, 
except  the  original  cracks  mentioned  above. 

Another  brand  of  American  Portland  cement  which  was  quick  set- 
ting gave  the  following  results  on  seven-day  tests  of  neat  briquettes  : 

No.  3  085 500  lbs. 

"3086 483    " 

"   3  087 462    " 

"   3  088 482    " 

"    3  089 512    " 

Average 488  lbs. 

When  made  slow  setting,  3  per  cent,  of  quicklime,  which  had  been 
specially  calcined  in  a  crucible  at  the  high  temperature  of  a  steel  fur- 
nace, was  added.  The  briquettes  were  hard  and  sound,  and  after  24 
hours  were  i^ut  in  hot  water  at  180^  Fahr.  and  kept  at  that  tempera- 
ture for  48  hours.     They  were  then  tested  with  results  as  follows  : 

Experiment  No.  150 559  lbs. 

"   151 504    " 

"   152 598    " 

Another  portion  of  this  second  cement  was  then  mixed  with  10  per 
cent,  of  this  steel  furnace  lime,  which  had  been  ground  up  fine  and 
kejit  in  a  box  in  the  air  for  a  week.  The  neat  briquettes  came  out 
entirely  sound,  and  three  of  them  gave  the  following  results  on  seven- 
day  tests,  one  day  in  air,  six  days  in  water  : 

Experiment  No.  108 506  lbs. 

"     169 441    " 

'     "  "     170 446    " 

Three  other  briquettes  were  put  in  the  hot  water  at  the  end  of  24 
hours  (180-  Fahr.),  and  were  kept  in  it  for  48  hours  and  then  tested 
with  results  as  follows  : 

Experiment  No.  186 421  lbs. 

"    187 420    " 

"  "    189 416    " 
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It  follows,  then,  from  these  facts,  that  we  need  not  care  very  much 
about  free  lime,  if  only  it  is  well  slaked. 

Now  it  is  a  well-known  practice  in  German  cement  manufacture,  to 
make  cements  slow  setting  at  will  by  the  addition  of  sulphate  of 
lime  ;  and  it  proves  to  be  a  fact  that  when  cements  are  thus  rendered 
slow  setting  they  will  in  most  cases  at  once  stand  boiling,  although 
they  had  failed  to  do  so  when  the  set  was  quick.  This  fact  was  first 
called  to  the  writers'  attention  by  Mr.  Thomas  D.  Whitaker,  the  presi- 
dent of  the  Whitaker  Cement  Company,  and  has  since  been  quite  fully 
established.  Several  brands  of  English  and  American  Portland 
cements  which  would  not  "  boil"  when  received,  readily  did  so  when 
made  slow  setting.  Even  a  cheap  grade  of  natural  cement  from  the 
Lehigh  Valley,  which  came  out  of  the  bath  perfectly  rotten  when  first 
tested,  was  found  to  be  firm,  hard,  and  stuck  to  the  glass  after  a  suit- 
able addition  of  sulphate.  Another  natural  cement,  which  had  been 
rendered  slow  setting  by  sprinkling  with  water  when  drawn  from  the 
kiln,  also  stood  the  hot-bath  tests  admirably. 

Not  only  is  it  true  that  cements  can  frequently  be  made  to  stand 
boiling  by  being  made  slow  setting,  but  they  will  carry  through  the 
hot  test  a  considerable  added  percentage  of  lime.  Thus  an  American 
Portland  cement,  which  at  first  would  not  "boil"  satisfactorily,  gave 
the  following  results  on  seven-day  tests  of  neat  briquettes  : 

No.  2  335 432  lbs. 

"    2  336 463    " 

"    2  337 503    " 

"    2338 449    " 

"    2  339 475    " 

Average 464  lbs. 

This  cement  was  then  rendered  slow  setting,  and  10  per  cent,  of 
quicklime  was  added  as  dry  powder,  and  two  briquettes  were  made 
from  the  mixture.  The  lime  was  ordinary  hard  burnt  lime  bought 
from  a  dealer  and  freshly  ground  for  the  test.  The  briqiiettes  swelled 
and  developed  cracks  in  the  moulds,  but,  after  setting  for  24  hours, 
were  put  in  the  hot  water  (180°  Fahr.)  and  kept  in  it  for  48  hours. 
They  were  then  tested  with  results  as  follows  : 

Experiment  No.  95 460  lbs. 

"    96 500    " 
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These  broken  briquettes  liave  been  lying  on  a  shelf  ever  since  (gver 
three  months),  and  are  hard  and  sound  with  no  signs  of  disintegration, 
except  the  original  cracks  mentioned  above. 

Another  brand  of  American  Portland  cement  which  was  quick  set- 
ting gave  the  following  results  on  seven-day  tests  of  neat  briquettes  : 

No.  3  085 500  lbs. 

"3086 483    " 

"    3  087 462    " 

"   8088 482    " 

"    3  089 512    " 

Average 488  lbs. 

When  made  slow  setting,  3  per  cent,  of  quicklime,  which  had  been 
sijecially  calcined  in  a  crucible  at  the  high  temiierature  of  a  steel  fuj*- 
nace,  was  added.  The  briquettes  were  hard  and  sound,  and  after  24 
hours  were  put  in  hot  water  at  180°  Fahr.  and  kept  at  that  tempera- 
ture for  48  hours.     They  were  then  tested  with  results  as  follows  : 

Experiment  No.  150 559  lbs. 

"   151 504    " 

."   152 598    " 

Another  portion  of  this  second  cement  was  then  mixed  with  10  per 
cent,  of  this  steel  furnace  lime,  which  had  been  ground  up  fine  and 
kept  in  a  box  in  the  air  for  a  week.  The  neat  briquettes  came  out 
entirely  sound,  and  three  of  them  gave  the  following  results  on  seven- 
day  tests,  one  day  in  air,  six  days  in  water  : 

Experiment  No.  1G8 506  lbs. 

"  "     169 441    " 

"     170 446    " 

Three  other  briquettes  were  put  in  the  hot  water  at  the  end  of  24 
hours  (180^  Fahr.),  and  were  kept  in  it  for  48  hours  and  then  tested 
with  results  as  follows  : 

Experiment  No.  186 421  lbs, 

"    187 420    " 

"  "    189 416    " 
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deceptive  strength  and  a  slower  setting.  It  was  tried  with  the  qniek- 
setting  cement  of  the  Potomac  region,  and,  while  it  made  the  short-time 
tests  higher,  it  had  the  effect  of  lessening  the  strength  at  long  periods, 
especially  in  sand  mortars.  For  this  reason  the  patent  never  came  into 
general  use  in  natural  cement  manufacture.  One  manufacturer  used 
it  for  a  time  and  then  abandoned  it.  Since  then,  how^ever,  the  addi- 
tion of  gypsum  to  Portland  cement,  with  the  effects  stated  by  Mr. 
Lewis,  has  come  into  use. 

Another  patent  taken  out  in  1883  by  Prof.  De  Smedt  related  to  the 
making  of  quick-setting  cements  slow  setting.  It  consisted  in  draw- 
ing out  from  the  kilns  the  burnt  material  and  sprinkling  it  with  water. 
The  theory  is  that  by  this  moistening  any  small  excess  of  caustic  lime 
would  be  hydrated,  and  the  cement  rendered  safe  and  slow  setting. 
Chemical  calculation  by  analysis  is  recommended  to  ascertain  the  per- 
centage of  caustic  lime,  and  the  proper  percentage  of  water  to  hydrate 
the  same  is  to  be  sprinkled  by  the  use  of  a  hose  with  fine  spraying 
attachment.  This  patent  I  understand  has  been  lately  used  without 
right  by  a  number  of  natural  and  Portland  cement  works. 

A  third  process,  also  patented,  is  the  addition  of  slaked  lime.  There 
were  a  great  number  of  experiments  with  this,  and  it  was  found  that 
by  the  addition  of  slaked  lime  up  to  ISj^o  the  ordinary  natural  cement, 
as  well  as  the  Portland,  is  much  improved.  One  theory  upon  which 
those  experiments  w^ere  conducted  was  that  the  setting  of  many 
cements  is  produced  by  the  alumina,  and  that  by  adding  slaked  lime, 
which  acted  quicker  than  the  alumina,  the  set  is  retarded  and  the 
cement  is  made  marketable  more  quickly.  The  slaked  lime  also  acts 
as  a  flux,  making  the  mortar  more  plastic. 

For  the  more  successful  use  of  the  process  of  dampening  or  moist- 
ening the  clinker  or  burnt  stone,  in  1884  I  took  out  a  patent  for 
mechanically  accomplishing  the  purjjose  by  injecting  steam  or  moist- 
ened air  in  the  conveyor  or  elevator  boxes.  So  much  for  the  patents 
on  this  subject. 

The  difficulty  about  the  boiling  test  that  has  always  struck  me  is 
that  no  set  of  men,  or  no  two  men,  can  ever  agree  upon  the  exact 
method  of  this  test.  There  is  absolutely  no  agreement  as  to  exposure, 
temijerature  or  methods  of  testing.  Since  Mr.  Maclay's  paper 
and  the  reply  to  it  which  I  made  some  three  years  ago,  we  have 
had  the  papers  at  the  Chicago  Exposition  of  Faija  and  Gary,  both 
against  the  boiling  test.  It  was  also  there  that  so  eminent  an  author- 
ity as  Mr.  Whittemore  said  that  the  boiling  test  was  of  little  value  in 
determining  the  ultimate  quality  of  cement.  The  German  Society  had 
this  question  up  at  their  last  meeting,  and  again  adhered  to  the  cold- 
water  test.  There  Dr.  Pruessing  took  uj)  all  the  tests  of  heat  and 
boiling,  and,  after  recommending  a  modified  boiling  test  of  his  own, 
stated  that  he  had  another  test  to  recommend  to  determine  the  fresh 
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grinding  of  cement.  This  is  to  be  done  by  placing  a  pat  of  fresh- 
ground  cement  mortar  on  an  iron  plate,  heated  to  392°  Fahr.  Then  cold 
water  is  carefully  poured  on  top  until  the  pat  is  wet  through  and 
through,  when  it  is  again  heated  to  392^  Fahr.  Dr.  Pruessing  had  the 
grace  at  least  to  admit  that  "  in  the  test,  by  careless  manipulation,  the 
cake  may  tear  without  the  cement  being  a  checking  one."  No  one  who 
has  ever  as  a  child  tried  to  bake  mud  pies  will  deny  the  acctiracy  of 
this  last  statement.  In  illustration  of  this,  in  a  long  series  of  expei'i- 
ments  conducted  in  1883  and  1884  in  connection  with  the  De  Smedt- 
Willcox-Lesley  patents  for  making  Portland  cement  by  dispensing  with 
the  intermediate  process  of  brick  making  and  drying  of  the  slurry,  it 
was  found  in  every  case  where  wet  paste  or  wet  brick  were  subjected 
to  immediate  heat  a  crust  formed  on  the  outside,  steam  or  vapor  formed 
on  the  inside,  and  that  whenever  this  vapor  forced  its  way  to  the  sur- 
face it  broke  and  destroyed  the  harder  surface,  and  that  a  new  surface 
formed  as  the  process  continued.  This  was  overcome  by  mixing  with 
the  cement  slurry,  liquid  hydro-carbons,  which,  by  burning  from  the 
outside  to  the  interior,  formed  pores,  through  which  the  interior 
moisture  found  a  vent  to  the  surface  without  destroying  the  latter. 
This  i^rocess,  improved  by  the  adoption  of  heavy  compressing  rolls  to 
make  the  slurry  into  egg-shaped  balls  well  adapted  to  handling,  was 
used  for  many  years,  and  only  abandoned  when  the  introduction  of 
water  gas  made  the  price  of  the  coal-pitch  combustible  used  in  the 
mixture  prohibitory. 

Dr.  Pruessing  refers  to  the  many  accelerated  tests  which  have  gone 
before;  the  kiln  test  abandoned  in  England,  and  revised  by  Shepky; 
the  glass  test  of  Michaelis,  in  use  33  years,  and  rejected  in  1876  by  its 
inventor.  He  also  refers  to  Heintzle's  unsuccessful  modification  of 
this  test,  to  Deval's  hot- water  test  and  Schumann's  attack  on  it,  and  all 
other  accelerated  tests.  He  speaks  adversely  of  the  kiln  and  ball  tests, 
which  he  says  are  "too  uncertain,"  and  then  gives  in  table  form  results 
of  some  experiments  of  his  own  on  24  Portland  cements,  for  the  pur- 
pose of  showing  that  his  own  method  of  testing  is  right  and  should  be 
adopted.  This  method  of  testing  and  its  results  I  shall  refer  to  later, 
as,  in  my  opinion,  they  do  not  prove  what  is  claimed  for  them,  but  do 
prove  that  the  ordinary  cold-water  test,  in  use  here  and  in  Germany, 
will,  so  far  as  change  of  volume  is  concerned,  detect  any  imperfect 
cement. 

The  jDoint  that  I  am  endeavoring  to  make  is  that,  with  these  con- 
stant changes  in  these  various  grades  of  accelerated  tests,  it  is  diffi- 
cult for  the  manufacturer,  consumer  or  engineer  to  know  just  what 
is  right  and  just  what  should  be  the  standard.  When  it  is  considered 
that  there  are  some  20  000  000  barrels  of  Portland  cement  made  in 
every  year,  invohing  nearly  $30  000  000,  and  that  the  great  bulk  of  it 
is  subjected  to  tests,  it  naturally  becomes  a  very  serious  subject  as  to 
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what  these  tests  shall  be,  and  it  is  a  very  serious  matter  to  take  all 
this  cement  and  subject  it,  not  to  -well-defined,  well-established 
and  well-governed  tests,  but  to  a  test  which  varies  with  the  various 
differences  of  oi^inion  between  various  men  of  various  mental  constitu- 
tions as  to  their  opinion  of  temjieratures,  time  of  exposure  and  methods 
of  testing.  In  view  of  all  these  differences  of  opinion  and  all  these 
sudden  changes  that  have  taken  place  in  accelerated  testing  for  the 
last  25  years,  the  natural  effect  has  been  created  that  there  is  con- 
stantly a  new  set  of  tests  coming  out,  and  we  must  "  wait  for  the 
latest,"  and  wheji  the  "latest"  comes,  there  is  still  the  feeling  that 
there  is  something  to  be  later  and  more  fashionable.  For  this  reason, 
I  again  repeat,  that  in  the  face  of  the  established  tests  in  Germany, 
France,  England  and  this  country,  none  of  which  contain  any  ot  the 
accelerated  tests,  it  is  hardly  a  wise  thing  to  make  any  change  at 
this  time;  and  several  illustrations  of  the  importance  of  this  particular 
point  have  lately  come  to  my  attention,  one  of  them  in  the  city  of  New 
York. 

On  a  i^iece  of  public  work,  a  certain  brand  of  cement  is  being  reg- 
ularly tested  by  the  boiling  test,  and,  as  I  am  informed,  has  stood  this 
test.  Cement  of  precisely  the  same  brand,  made  by  the  same  works, 
shipped  at  and  about  the  same  time,  was  sent  to  two  other  large  pieces 
of  work  in  this  same  city.  On  both  of  these  latter  pieces  of  woi'k,  the 
ordinary  cold-water  test  for  checking  of  the  American  Society  of  Civil 
Engineers  was  in  use.  In  both  cases  the  cement  failed,  showing 
checking  and  cracking  to  a  considerable  extent.  Certainly  there  is  in 
this  state  of  facts  quite  a  commentary  upon  the  effect  of  the  boiling- 
test. 

In  another  experience,  the  manufacturer  was  informed  by  an  en- 
gineer that  the  latter  was  going  to  boil  some  of  his  cement.  The 
manufacturer  quickly,  for  his  own  satisfaction,  sampled  the  same  bar- 
rel for  the  ijurpose  of  making  in  his  own  office  similar  tests.  Within 
a  few  hours,  he  was  at  a  leading  testing  laboratory  with  a  serious 
expression  on  his  countenance,  and  wanted  a  sample  of  the  cement 
boiled  at  once,  stating  he  had  just  been  experimenting  with  this  cement 
in  his  office,  and  had  boiled  it  all  to  pieces.  The  testing  laboratory 
took  the  cement  and  after  two  days  of  boiling  in  all  the  various  methods 
known,  were  unable  to  make  it  check  or  crack.  Differences  such  as 
this  are  occurring  in  daily  j^ractice. 

In  a  third  case,  a  cement  which  was  largely  used  on  an  imj^ortant 
work  at  Niagara,  and  which  in  most  cases  stands  the  boiling  and  yet 
is  not  manufactured  with  suliihate  of  lime  with  that  end  alone  in  view, 
had  possibly  the  best  actual  boiling  test  within  my  knowledge.  One  of 
the  plates  over  the  firebox  of  a  small  movable  boiler  used  by  the  con- 
tractor showed  a  crack.  There  was  no  time  to  repair  it,  and  neat 
Poi-tland  cement  was  plastered  over  the  crack.     After  it  dried,  a  fire 
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■was  made,  and  for  several  days  until  the  boiler-maker  came,  the  cement 
stood  the  fire  beneath  and  the  boiling  Avater  above. 

A  further  illustration  is  noted  by  Eudolph  Dyckerhoflf,  Proceedings 
German  Cement-Makers'  Association,  February  23d  and  2-l:th,  1894. 
He  said,  in  commenting  upon  the  accelerated  tests  then  proposed  for 
examination  by  the  Society: 

"When  the  boiling  test  first  became  known,  I  made,  some  10 
years  ago,  the  following  experiments  with  cements  which  had 
failed  in  the  boiling  tests  and  had  stood  the  normal  (cold-water) 
test.  First,  two  pats  were  made  from  two  cements.  Of  these, 
one  pat  after  24  hours'  hardening  in  water  and  the  other  after  28  daya' 
hardening  in  water,  were  duly  boiled.  The  pats  cooked  after  24  hours' 
exposure  were  checked,  biit  the  28-day  pats  remained  good.  Later  on 
a  great  number  of  pats  were  prex^ared  from  various, cements  which  had 
failed  to  stand  the  boiling  test,  and  boiled  after  24  hours,  one,  two, 
three  and  four  weeks'  hardening  in  water.  After  24  hours'  hardening, 
none  of  the  cements  stood  the  boiling.  The  longer,  however,  the  pats 
were  hardened  in  water,  the  better  they  stood  the  boiling  water.  Some 
stood  it  after  two,  others  after  four,  weeks  At  periods  over  28  days' 
hardening  naturally,  the  pats  of  these  cements  stood  the  boiling.  In 
later  years  I  have  re^jeatedly  made  similar  experiments  with  various 
cements  and  received  very  similar  results.  I  have  also  observed  that 
if  a  cement  is  very  strongly  attacked  by  boiling  after  24  hours'  harden- 
ing, it  requires  more  than  four  weeks'  hardening  to  stand  the  boiling 
test.  For  instance,  I  received  last  year  from  London  a  sample  of  Port- 
land cement  which  was  ground  very  coarsely.  A  cake  made  of  this 
cement  was  boiled  after  24  hours'  hardening,  and  checked,  biit  it  stood 
the  boiling  better  each  time  after  it  had  hardened  one,  two  and 
three  weeks,  but  even  then  the  cake  four  weeks  old  was  still  full  of 
cracks.  Unfortunately,  the  quantity  of  cement  in  my  possession  was 
not  sufficient  for  a  larger  number  of  cakes,  liut  I  am  firmly  convinced 
that,  after  a  few  weeks  more,  the  cement  would  have  stood  perfectly 
the  hot  test.  It  may  be  mentioned  that  this  cement  as  well  as  all  the 
others  I  have  discussed  hatl  stood  the  normal  test.  It  seems  clear 
that  if  a  cement  has  stood  the  normal  test,  and  does  not  stand  the  hot 
test  at  the  stage  of  hardening,  after  24  hours,  but  does  stand  this 
test  after  a  longer  period  of  hardening,  such  cement  cannot  contain 
any  injurious  lime;  otherwise  it  would  not  stand  the  hot  test  ever  so 
little  at  the  later  period." 

Keferring  to  the  table  of  Dr.  Pruessing,  to  which  I  have  alluded 
above,  his  figures  have  an  interesting  bearing  uj^on  that  jiortion  of  Mr. 
Lewis'  paper,  which  is  also  substantiated  by  Dyckerhoff,  and  which 
refers  to  the  fact  that  if  a  cement  has  not  enough  excess  lime  in  it 
to  cause  swelling  in  the  cold-water  test,  it  will  take  care  of  any  excess 
lime  that  it  may  have  in  it.  The  table  in  question  was  constructed  for 
the  purpose  of  demonstrating  the  value  of  the  new  accelerated  tests 
of  Dr.  Pruessing.     These  tests  he  describes  as  follows: 

"I  take  100  drams  of  cement  and  from  5  to  7  j^arts  of  water,  the 
amount  of  water  depending  upon  the  degrees  of  fineness  of  the  grinding 
of  the  cement.     The  material  is  mixed  until  the  cement  has  been  thor- 
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ouglily  moistened  by  the  water.  It  is  then  pressed  into  a  cylinder 
mould  and  with  the  assistance  of  a  jjower  press  is  pressed  into  a 
roiind,  sharp-edged  cake." 

In  the  table  given  herewith,  the  Pruessing  tests  are  headed  A,  B, 
C,  D,  and  are  as  follows: 

A. — Pat  24  hours  hardened  in  air,  and  27  days  hardened  in 
water. 

B. — Pat  quickly  put  on  an  iron  plate,  heated  to  392^  Fahr. ,  then 
wet  throughout,  and  again  heated  to  392°  Fahr. 

C — Pat  after  24  hours'  hardening  in  the  air,  then  being  placed  for 
2  hours  in  cold  water,  and  then  left  for  24  hours  at  194^ 
Fahr. 

D. — Pat  24  hours'  hardening  in  air,  2  hours  exposed  to  cold  water, 
27  days'  hardening  in  water  at  394-  Fahr. 

This  table  also  contains  jiractically  all  the  accelerated  tests  that  are 
well  known,  and  also  has  a  column  devoted  to  the  ordinary  cold-water 
normal  test  of  cement.  As  presented  to  the  German  Society,  it  also 
contains  full  records  of  the  strength  of  the  cement  neat  and  in  mortar, 
by  tensile  and  compression  strain,  which  are,  however,  omitted  in  the 
brief  condensation  of  the  table  i^resented  herewith,  and  bearing  on 
the  accelerated  tests  only. 

By  an  examination  of  these  tests,  it  will  be  seen  that  the  one  cement 
that  shows  the  highest  analysis  in  lime,  to  wit.  No.  13,  checked  in  the 
normal  or  cold-water  test,  as  it  also  checked  neat  in  nearly  all  the 
other  tests  to  which  it  was  subjected.  It  stood,  however,  in  3  to  1 
mortar,  the  Erdmenger  steam-j)ressure  test,  and  neat  it  stood  the 
Bunseu  burner  ball  test.  It  is  low  in  sulphuric  acid,  the  slow  setting 
being  due  to  the  excess  of  lime.  It  may  be  further  noted  that  the 
cements  which  stood  most  of  the  accelerated  tests  were  very  slow  set- 
ting, taking  from  210  to  840  minutes  to  set,  while  those  that  failed  to 
stand  the  accelerated  tests  were  cements  that  took  8,  4,  300,  6,  70,  120, 
35,  60,  10  and  840  minutes  to  set.  It  will  also  be  noticed  that  those 
cements  which  stood  the  accelerated  tests  with  the  least  advantage 
were  those  that  showed  (with  only  one  or  two  exceptions)  the  coarsest 
grinding  on  sieves  of  900  and  5  000  mesh  per  square  centimeter.  By  a 
reference  to  the  analyses  of  the  various  cements,  it  may  be  noted 
that  in  every  case,  with  two  exceptions,  the  cements  which  stood 
the  Pruessing  accelerated  tests  contained  the  larger  percentages  of 
sulphur  as  well  as  very  much  larger  percentages  of  lime,  thus  showing 
addition  of  sulj^hate  of  lime.  For  purposes  of  comparison,  I  have  tabu- 
lated herewith  (see  page  335),  under  the  respective  heads  of  "Stood  " 
and  "  Failed,"  the  various  cements  which  stood  or  failed  to  stand  the 
Pruessing  accelerated  tests,  giving  them  by  numbers  and  appending 
to  each  the  percentages  of  lime,  and  suljjhur,  together   with  the  time 
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of  setting.  It  will  be  noted  that  the  average  time  of  setting  of  those 
which  stood  these  accelerated  tests  was  about  seven  hours,  while  the' 
average  time  of  those  which  failed  to  stand  the  accelerated  test  was 
two  hours;  that  the  average  lime  of  those  which  stood  the  acceler- 
ated test  was  63.523^f^,  while  the  average  lime  of  those  cements  which 
did  not  stand  the  accelerated  test  was  61. 93%'',  and  that  the  average 
amount  of  sulphur  in  those  cements  in  the  table  "  Stood  "  was  LOl^", 
while  the  average  amount  of  sulphur  under  the  head  "Failed"  was 
0.70%. 

In  the  making  of  averages  of  this  table,  where  the  element  of  sul- 
phur had  not  been  calculated,  as  in  Nos.  17,  18,  19  and  20,  the  figures 
of  these  samples  are  not  taken  into  consideration  in  arriving  at  the 
averages  of  sulphur,  and  the  same  applies  to  No.  20,  as  to  lime,  where 
there  was  no  analysis  at  all.  No.  21,  which  is  "largely  adulterated 
with  furnace  slag";  No.  22,  "small  amount  of  furnace  slag,"  and 
No.  24,  with  nearly  6%  magnesia,  are  also  excluded  as  abnormal 
cements.  No.  13,  which  failed  in  the  normal  test,  is  also  excluded. 
The  conclusion,  therefore,  that  I  have  arrived  at  from  these  tables  is, 
that  any  Portland  cement,  even  thovigh  it  contains  lime  in  consider- 
able excess  of  what  it  should  contain,  to  make  the  proi3er  combination 
with  the  alumina  and  silica,  may  be  made  to  stand  the  Pruessing,  or 
in  fact  practically  nearly  any  of  the  accelerated  tests,  by  the  addition 
of  sufficient  sulphate  of  lime  mechanically  ground  with  it.  This  con- 
clusion is  deduced  from  the  figures  given,  showing  that  in  nearly  all 
the  cements  that  stood  these  Pruessing  accelerated  tests,  the  lime, 
or  lime  and  magnesia  combined,  were  very  high,  the  sulphur  high  and 
the  time  of  setting  slow.  On  the  other  hand,  in  nearly  all  those 
that  failed  to  stand  the  accelerated  tests,  the  lime  was  low,  the  sulphur 
low,  and  the  time  of  setting  quick,  with  the  exception  of  the  cases 
above  referred  to,  where  other  elements  entered  into  the  calcula- 
tion. 

It  is  further  to  be  seen  that  the  only  cement  that  contained  a  large 
percentage  of  lime,  and  that  did  not  contain  a  large  j)ercentage  of  sul- 
phur, but  which  was  made  slow  setting  by  the  large  percentage  of 
lime,  failed  to  stand  the  ordinary  normal  cold-water  test,  thus  corrob- 
orating Dyckerhoflf's,  Lewis's  and  De  Smedt's  views. 

In  view  of  this  conclusion,  it  would  seem  from  a  careful  examina- 
tion of  the  history  of  cement  testing  and  cement  manufacture,  that 
this  method  of  treating  cements  with  sulphate  of  lime  came  about 
substantially  in  this  way.  For  many  years  manufacturers  of  Portland 
cement  went  on  making  cements  of  fair  tensile  strains  at  seven  days 
neat  and  of  fair  average  fineness.  Later  on,  engineers  began  to  de- 
mand higher  tests  neat  at  seven  days  and  finer  grinding,  and  the 
requirements  of  the  old  specifications  of  from  250  to  300  lbs.  were  run 
up  to  400  and  500  lbs.,  and  finer  grinding  insisted  upon.     This  was  all 
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done  without  reference  to  the  fact  that  fine  grinding  tends  to  make  the 
cement  quick  setting  and  low  in  tensile  strain  at  seven  days  neat,  though 
increasing  its  tensile  strain  in  2  to  1,  and  3  to  l,sand  mortars.  The  manu- 
facturers, then,  in  order  to  meet  these  new  requirements,  soon  ascer- 
tained that  it  was  necessary  to  increase  the  percentage  of  lime  in  their 
cements  in  order  to  make  these  very  fine  ground  cements  slow  setting 
enough  to  give  high  tensile  strains  neat  at  seven  days,  according  to 
the  requirements  of  most  engineers  outside  of  Germany.  The  increas- 
ing quantity  of  lime  went  on  until  it  ran  into  the  excess  of  lime,  which 
the  cold-water  test  began  to  discover.  This  led  to  innumerable  dis- 
cussions on  free  lime  and  over-liming,  to  detect  which  the  various  ac- 
celerated tests  above  described  were  brought  out,  in  addition  to  the 
well-established  normal  test  which  had  already  discovered  these  in- 
correct methods  of  manufacture.  To  meet  these  accelerated  tests  and 
also  the  still  higher  requirements  for  neat  tests  at  seven  days,  manu- 
facturers began  to  test  various  modes  of  adulteration.  Ground  iron 
slag  was  the  first,  but  it  was  soon  exposed.  It  was  followed  by  sul- 
phate of  lime,  which  is  now  largely  ground  with  many  Portland 
cements  for  the  purjjose  of  producing  the  results  sought  after,  that  is, 
to  make  the  cement  slower  setting  and  higher  testing  in  neat  tests  at 
short  periods.  This  adulterant  has  only  been  in  use  for  several  years 
abroad  and  in  this  country.  It  is  ti'ue  that  some  manufacturers  in 
America  have  used  it  for  as  long  a  period  as  a  year  or  18  months, 
but  there  are,  so  far  as  I  can  find  in  the  books,  no  records  of  works 
done  with  cements  in  which  this  material  has  been  used  as  an  adulter- 
ant that  have  yet  stood  the  long  periods  of  time  that  the  Portland 
cements  made  in  the  ordinary  and  approved  way  have  stood,  while  it  is 
well  known  that  there  have  been  a  number  of  questions  raised  and 
referred  to  in  the  books,  where  the  destruction  of  certain  mortars  used 
in  salt  water  have  been  attributed  to  the  sulphate  of  lime  produced  by 
the  decomposition  of  the  sulphate  of  magnesia  in  cements;  as  to  this, 
Candlot,  on  page  253,  states  that  in  all  cases  where  cement  is  kept  in 
salt  water,  and  the  proportion  of  sulphate  of  lime  exceeds  1  to  2%, 
the  mortar  never  fails  to  show  traces  of  alteration,  and  the  briquettes 
are  frequently  completely  disintegrated.  On  this  point  he  refers  to 
Mr.  Feret's  paper  in  the  Annales  des  Fonts  el  G/uiussees,  March,  1890, 
page  67. 

With  this  evident  danger  staring  us  in  the  face,  the  question  is,  is 
it  wise  for  the  manufacturer,  in  order  to  meet  the  innumerable  acceler- 
ated tests  that  are  proposed,  to  adulterate  his  cement  with  a  material 
which  leading  authorities  by  repeated  experiments  have  shown  will, 
if  used  in  any  large  amount,  render  it  useless  in  salt-water  construc- 
tion ?  This  question  especially  presents  itself  to  the  American  manu- 
facturers of  Portland  cement  doing  business  with  the  coastwise  cities 
of  the  United  States,  as  well  as  to  the  foreign  manufacturers  supplying 
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the  maritime  countries  of  the  world.  It  would  be  simply  a  reckless 
risk  for  a  manufacturer  to  take,  to  use  sulphate  of  lime  in  percentages 
over  1  "V  as  an  adulterant  of  his  materials,  and  especially  for  any  manu- 
facturer to  put  such  cement  on  the  market,  unless  he  had  assurance 
from  each  and  every  party  purchasing  his  material,  that  it  -would  not 
"be  used  in  salt-water  construction. 
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Thomas  D.  "Whitaker,  Esq. — I  think  this  question  of  hot-water  tests 
has  considerable  value,  at  least  to  the  manufacturer.  Mr.  Faija  has 
given  this  subject  more  time  and  study  than  anyone  else,  and  still  ap- 
proves of  a  hot- water  test,  though  somewhat  moderate  comjjared  with 
the  one  in  Mr.  Lewis's  paper. 

We  have  used  this  hot-water  test  for  a  long  time  at  our  works,  and 
I  consider  it  a  good  test  for  the  manufacturer.  I  do  not,  however,  ad- 
vocate it  for  the  jjracticing  engineer,  for  I  think  in  many  cases  it  may 
condemn  a  good  cement;  but  the  manufacturer,  who  knows  his  own 
cement  and  how  it  stands  the  hot-water  test  when  in  its  normal  condi- 
tion, can  easily  distinguish  any  change  that  may  take  place  in  it  by 
noting  its  behavior  when  subjected  to  this  test,  for  its  great  advantage 
is  its  very  marked  results. 

I  think  Mr.  Lewis,  in  his  paper,  uses  some  terms  improperly,  for  ex- 
ample, ' '  free  lime  " ;  he  does  not  designate  any  difference  between  free  and 
hydrated  or  carbonate  of  lime.  I  take  free  lime  always  to  mean  caustic 
lime,  and  I  believe  this  is  the  correct  meaning  of  the  word.  I  cannot  see 
how  we  can  call  carbonate  of  lime  in  cement  free  lime,  for  it  is  com- 
bined with  carbonic  acid  and  is  not  detrimental  beyond  the  amount 
of  impurity  it  adds  to  the  cement,  whereas  the  caustic  lime  will  swell 
by  the  addition  of  water  and  cause  the  cement  to  crack,  and,  if  in  suffi- 
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cient  quantity,  will  cause  complete  disintegration.  It  is  well  knoAvn. 
that  the  longer  or  harder  lime  is  burned,  the  greater  time  it  Avill  take  it 
to  slake,  so  in  a  well-burnt  Portland  cement,  any  free  lime  that  is  pre- 
sent will  be  very  hard  burnt,  and  consequently  will  be  very  slow  to 
slake,  so  after  the  cement  has  set  or  taken  its  form  and  commenced  to 
shed  the  excess  of  water,  that  water  will  be  taken  up  by  the  free  or 
caustic  lime,  and  when  it  begins  to  slake  it  will  swell  and  break  apart 
the  bond  in  the  cement  and  cause  cracking  and  disintegration.  It  is 
also  well  known  that  hot  water  will  cause  this  slaking  of  caustic  lime 
to  take  place  much  more  rapidly  and  this  is  the  theory  upon  which  this 
test  is  based. 

In  the  matter  of  the  addition  of  sulphate  of  lime  to  Portland  cement 
I  have  experimented  largely,  and  have  found  the  addition  of  sulphate 
of  lime  in  small  quantities  to  be  beneficial.  These  tests  and  experi- 
ments were  carried  on  for  more  than  a  year,  and  the  cement  has 
improved  in  test  up  to  that  time,  and  in  no  case  has  there  been  any  in- 
dication of  disintegration  or  decrease  in  tensile  strength,  except  when 
the  experiments  were  carried  on  with  sea  water.  In  that  case  I  found 
that  a  very  small  quantity  of  sulphate  of  lime  should  be  used,  as  a 
small  percentage  would  cause  disintegration  on  account  of  the  chem- 
ical action  that  takes  place  between  the  sulphuric  acid  and  the  alkalies 
of  the  sea  water,  and  I  do  not  think  the  limit  of  2%  of  sulphuric  acid 
in  Portland  cement  too  severe,  for  I  believe  an  excess  beyond  this 
amount  to  be  detrimental,  esjiecially  if  used  in  sea  water.  In  ordinary 
tests,  however,  I  have  tried  double  this  amount  with  apparently  no 
detrimental  effect. 

Did  I  not  understand  Mr.  Lesley  to  say  that  the  cement  that  con- 
tained the  greatest  amount  of  free  lime  passed  the  hot-water  test  ? 

Mr.  Lesley. — No,  it  was  detected  in  the  cold-water  test;  I  did  not 
say  free  lime,  but  the  highest  in  lime,  and  it  contained  66  per  cent. 

Mr.  Whttaker. — I  thought  you  said  free  lime.  I  was  going  to  ask 
you  how  they  determined  it,  for  I  don't  think  anyone  here  knows  how, 
and  it  certainly  would  be  of  interest  to  us  to  know.  You  spoke  of  these 
cements  being  high  in  sulphuric  acid  by  the  addition  of  gypsum. 

Mr.  Lesley. — I  say  they  were  made  slow  setting  by  the  addition  of 
gyi^sum. 

Mr.  Whitakek. — Could  you  give  us  those  percentages  ? 

Mr.  Lesley. — Certainly,  sir;  you  can  see  them  in  the  table  referred 
to. 

Mr.  Whitakee. — They  were  all  German  cements,  were  they  not  ? 

Mr.  Lesley. — They  were  24  German  cements,  so  far  as  I  am  in- 
formed. 

Mr.  Whitakek. — In  English  cements  I  do  not  think  you  will  find 
any  with  less  than  1  or  2%  of  sulphuric  acid.  The  American  cements 
will  average  about  li  to  1^%  of  sulphuric  acid. 
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ISear  the  close  of  Mr.  Lewis's  paper  lie  says  that  the  disintegration 
of  the  cement  in  hot  water  is  undoubtedly  caused  by  the  anhydrous 
sulphate  of  lime,  that  is,  the  sulphate  of  lime  that  is  burned  with  the 
cement.  I  have  exjjerimented  on  that,  and  I  must  say  I  difier  with 
Mr.  Lewis.  I  have  had  cement  that  only  showed  1^7  of  1  "0  of  anhydrous 
suljihate  of  lime  entirely  fail  in  hot  water,  while  others  containing  a 
much  larger  amount  stand  it  perfectly.  I  have  tried  different  jjercent- 
ages  of  lime,  silicon  and  alumina  in  the  composition  of  the  cement,  and 
found  that  as  soon  as  the  lime  was  somewhat  low  and  the  alumina  high 
that  the  cement  did  not  stand  the  hot  water  i)roperly.  My  theory  for 
this  is  that  alumina  is  said  to  give  an  acid  reaction  when  heated  to  a 
high  temperature,  tor  we  burn  our  cement  at  a  very  high  temperature 
(we  use  oil  fuel  in  our  kilns  and  get  an  exceedingly  intense  heat). 
The  excess  of  alumina  will  need  more  lime  for  its  combination,  and 
there  will  not  be  sufficient  lime  remaining  to  combine,  as  tri-calcium 
silicate,  with  the  silicon.  The  excess  of  silicon,  having  a  gi-eater  affinity 
for  the  alumina  than  the  lime,  will  rob  the  lime  of  its  alumina,  fluxing 
with  it  and  leaving  the  lime  in  a  free  state.  This  is  theory  on  my  i^art, 
but  I  cannot  account  for  this  condition  in  any  other  way.  And  so  I 
am  convinced  from  my  experiments  so  far,  that  the  hot-water  test  does 
act  on  the  free  lime.  I  do  not  think  it  is  on  the  aluminates  of  lime, 
and  I  again  state  that  I  think  the  hot-water  test  a  good  one  for  the 
manufacturer,  and  after  18  months'  use  at  our  works  we  still  propose 
to  continue  the  use  of  it,  and  can  tell  the  least  variation  of  our  com- 
jDOuud  by  its  behavior  in  hot  water. 

Mr.  Lesley  says:  "The  cements  which  stood  all  the  tests  were  very 
slow  setting. "  Since  this  remark  I  have  made  some  tests  of  exceedingly 
slow-setting  cement  without  th«  sulphate  of  lime.  It  did  not  stand  the 
hot-water  test,  and  the  addition  of  sulphate  made  it  rather  quicker  set- 
ting, and  it  gave  no  better  results  in  the  hot  water,  although  it  was  an 
exceedingly  good  cement,  taking  from  four  to  eight  hours  for  initial 
set,  and  showing  about  700  lbs.  tensile  strength  per  square  inch  for 
a  test  of  neat  cement  in  a  week,  and  200  lbs.  tensile  strength  per 
square  inch,  3  parts  of  standard  sand  to  1  of  cement  in  the  same 
time.  These  are  certainly  good  results,  but  this  cement  undoubtedly 
contained  free  lime,  although  not  in  sufficient  quantity  to  be  detri- 
mental, but  too  much  to  stand  hot  water.  I  am  still  experimenting  with 
this  cement,  and  believe  that  it  will  lead  to  some  very  interesting  results. 

EoBEBT  A.  CuM>nNGs,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — To 
the  numerous  essays  on  the  subject  of  cement,  concrete  and  kindred 
subjects,  is  added  this  paper  on  "  Hot-Bath  Tests."  It  is  in  a  direc- 
tion of  research  which  is  very  inviting,  and,  judging  from  the  abstract 
of  the  paper,  very  encouraging.  It  would  be  un-wise  to  travel  the 
ground  of  published  comment,  but  the  views  of  the  authors  may  be 
elicited  on  a  few  questionable  matters. 
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"  There  is  at  present  only  one  way  of  determining  whether  the 
judgment  j^assed  on  a  cement  by  any  system  of  testing  is  sound,  and 
that  consists  in  waiting  half  a  century  to  see  how  the  work  stands," 
says  Mr.  M.  H.  Le  Chatelier,  in  discussing  the  hot-bath  tests.* 

It  is  of  paramount  importance,  therefore,  to  develop  any  method 
by  which  practical  cement  testing  can  be  more  rapidly  carried  out. 
This  is  especially  the  case  with  the  hot-bath  tests  method. 

There  is  an  obvious  advantage  in  having  the  chemical  analysis  of 
cement  determined,  and  to  the  practicing  engineer  the  immediate 
knowledge  of  the  strength  and  quality  of  the  cement  on  the  work  is  of 
primary  importance.  It  is  well  known  there  may  be  a  variation  of 
25%"  or  more  in  the  tensile  test  method  by  different  experimenters 
which  is  suflBcient  to  warrant  its  condemnation. 

The  writer's  experience  has  satisfied  him  of  the  necessity  for  care- 
ful manipulation  of  cements  in  testing  by  experts  alone,  whose  qtialifi- 
cations  command  the  confidence  of  engineers  and  manufacturers 
alike. 

In  hot-bath  tests  the  precise  and  thorough  mixing  of  the  in- 
gredients has  been  found  necessary,  to  produce  compactness  and 
freedom  from  air  bubbles  which  materially  aflfect  the  result.  Cement 
mortar  mixed  as  dry  as  possible  will  occupy  a  much  greater  volume 
than  the  same  quantity  mixed  with  the  proper  proportion  of  water. 
The  driest  cement  mortar  will  therefore  be  less  compact. 

The  writer  would  endorse  the  views  of  the  authors  as  to  free  lime, 
with  the  precautionary  exception  that  improperly  burned  cements- 
must  not  be  overlooked.  The  unfortunate  existence  of  free  lime  in 
certain  work  to  the  writer's  knowledge  is  sufficient  evidence  of  its 
importance  and  the  necessity  for  its  detection. 

In  a  properly  burned  cement,  made  with  the  ingredients  thoroughly 
mixed,  there  is  no  free  lime.  It  may  be  advanced  that  the  expansion 
of  cements  is  due  to  the  fine  particles  setting  first  and  the  coarse  grains 
taking  longer,  or  being  incompletely  hydrated.  This  may  be  the  case 
with  certain  cements,  and  it  would  substantiate  the  necessity  for  uni- 
form fineness  in  quality.  The  specific  gravity  of  new  cement  will  de- 
termine whether  or  not  it  has  been  insufficiently  burned,  and  should 
therefore  be  embodied  in  all  tests. 

Why  were  not  the  hot-bath  tests  made  at  boiling  point,  which  is- 
easier  to  maintain  than  180^  ? 

Did  the  authors  use  distilled  water  in  their  tests?  If  not,  the 
soluble  constituents  of  the  local  supply  might  account  for  some 
results. 

The  microscopical  examination  of  the  cohesiveness  and  conduct  of 
cements  opens  a  field  upon  which  the  authors  may  have  some  informa- 
tion. 

*  Bulletin  de  la  Hocieli  d' Encouragement pi.ur  I'Imiusrie  Naiwnale,  lS9ii,  p.  560. 
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Now  that  hot-bath  tests  indicate  the  quality  of  cement  in  a  more 
or  less  degree,  one  is  led  to  inquire  what  will  low  temperature  or  alter- 
nate freezing  and  thawing  tests  indicate? 

It  has  long  since  appeared  to  the  writer  a  somewhat  one-sided  con- 
duct to  have  our  metallic  materials  precisely  specified  and  inspected 
by  experts  at  the  manufacturer's,  while  cements  are  frequently  re- 
ceived on  the  work,  without  having  any  idea  where  they  come  from, 
their  quality  or  age.  The  mechanical  function  of  testing  so  many 
thousand  briquettes  in  tension  is  performed  by  a  promoted  rodman, 
and  "All's  well  that  ends  well!  "  so  far  as  he  knows. 

It  is  needless  to  say  there  is  a  much-needed  reform  for  the  consist- 
ent management  of  this  department,  and  the  authors  have  done  good 
work  in  bringing  the  matter  forward  so  ably. 

M.  J.  BuTLEE,  M.  Am.  Soc.  C.  E.  (by  letter).— Shortly  after  Mr. 
Faija's  paper  ajDjieared  the  writer  began  to  make  use  of  the  hot-bath 
test,  and  from  that  time  on  has  always  relied  on  it  as  being  the  surest 
and  safest  way  to  determine  the  soundness  of  a  cement.  It  is  believed 
by  the  writer  that  with  a  set  of  sieves  2  500,  5  476,  10  000  and  22  500 
meshes  to  the  square  inch,  for  the  purpose  of  ascertaining  the  fineness, 
a  specific  gravity  determination  apparatus  and  the  hot  bath,  one  can 
arrive  at  a  safer  conclusion  as  to  the  soundness  and  suitability  of  a 
Portland  cement  than  by  any  other  known  means. 

There  can  be  no  doubt  that  the  hot  test  is  being  abused;  excessive 
temperature  will  probably  blow  any  coarsely  ground  chemically  per- 
fect cement;  hence,  in  the  absence  of  a  test  for  fineness  it  may  be  mis- 
leading to  that  extent.  Manufacturers  of  cement,  knowing  their 
cements  will  be  subjected  to  the  boiling  test,  are  in  self-defence  com- 
pelled to  keep  down  the  percentage  of  lime  with  a  consequent  reduc- 
tion in  tensile  strength;  but  any  properly  burned,  projjerly  ground 
Portland  cement,  containing  60%"  of  lime,  will  stand  the  hot  test,  as 
laid  down  by  Faija,  although  if  fresh  from  the  stone  will  probably 
blow  if  boiled.  The  authors  seem  to  have  discovered  a  tiseful  i^art  for 
sulphate  of  lime  as  a  factor  in  cements. 

Wn.TiTAM  H.  Booth,  M.  Am.  Soc.  C.  E.  (by  letter). — I  wish  to  say 
that  I  am  in  agreement  with  the  authors  as  to  the  terrors  of  free  lime 
in  cement.  Suitable  air  slaking  will  jjurge  a  cement  of  caustic  lime 
and  render  it  safe.  Free  or  caustic  lime  may  be  rendered  safer  by  fine 
grinding,  which  reduces  the  particles  to  flour  and  so  evenly  distributes 
them  throughout  the  bulk  of  the  cement  as  to  render  them  easily 
hydrated,  even  if  not  perfectly  air  slaked.  So  far,  however,  as  English 
cement  is  concerned,  the  whole  of  the  manufacture  is  carried  out  upon 
low-lying,  often  marshy,  land,  near  tidal  rivers,  in  a  humid  atmosjjhere, 
and  the  process  of  air  slaking  is  fairly  rapid. 

Until  quite  recently  it  has  been  the  habit  not  to  grind  so  finely  in 
England  as  in  Germany,  perhaps  in  jjart  because  of  the  greater  safety 
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arising  from  a  humid  atmosphere,  and  i^artly  because  of  the  superiority 
of  the  English  raw  material;  but  owing  to  German  competition,  the 
English  makers  are  grinding  finer,  and  I  have  no  difficulty  in  getting 
cement  ground  to  pass  through  a  No.  80"  sieve.  I  am  aware  of  the  ad- 
dition of  sulphate  of  lime  to  promote  slow  setting.  This  addition  is 
made  by  the  German  manufacturers  to  meet  American  specifications, 
but  it  is  not  looked  on  here  as  an  honest  cement,  and,  if  above  a  small 
percentage,  will  make  a  cement  unsound,  and  it  ought  to  be  rigidly 
excluded.  A  pure  cement  ground  from  a  well-biirned  clinker  of  a 
proper  mixture  of  the  simple  raw  materials,  chalk  and  clay,  will  be  a 
sound  cement,  for  there  is  no  impurity  in  the  above  two  substances 
which  will  render  a  cement  unsound.  If  ground  from  clinker  that  has 
not  been  picked  over  to  remove  portions  insufficiently  burned,  there  is, 
of  course,  introduced  a  foxy  colored,  quick-setting  element  which  is, 
perhaps,  unsafe,  but  such  can  only  arise  from  simple  neglect.  The 
half-burned  clinker  only  costs  the  wages  of  picking  out,  for  it  can  ])e 
further  burned  in  another  kiln.  I  am,  therefore,  in  very  full  agree- 
ment with  the  authors  that  sulphate  of  lime  is  a  mischievous  and  im- 
proper adulterant.  Indeed,  anything  added  to  a  cement  makes  it 
worse,  and  engineers  would  do  well  to  guard  themselves  against  draw- 
ing such  specifications  as  lead  to  adulteration,  for  it  is  to  the  imi)os- 
sible  clauses  in  specifications  that  the  sulphate  mixture  is  due. 
What  is  known  as  the  "  first  "  set  of  a  Portland  cement  is  undoubtedly 
due  to  the  jiresence  of  more  lightly  burned  clinker.  That  a  little  may 
creep  in  as  dust  is,  of  course,  unavoidable,  and,  so  far,  is  of  no  serious 
harm,  the  slight  initial  set  being  an  advantage;  but  there  should 
never  be  so  miich  jiresent  as  to  destroy  the  blue  color  of  the 
cement. 

L.  C.  Sabin,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Several  points 
touched  ujjon  by  Messrs.  Lewis  and  Whitfield  are  of  much  interest  to 
users  of  cement.     The  following  conclusions  seem  to  be  presented : 

First. — That  when  free  lime  occurs  in  a  cement  it  ceases  to  be 
caiTstic  in  a  week  or  ten  days. 

Second.  —That  "  thoroughly  hydrated  lime  is  of  no  disadvantage  to 
a  cement,"  but  rather  an  advantage. 

Third. — That  if  a  defective  cement  is  rendered  slow  setting  by  the 
addition  of  sulphate  of  lime,  the  hot  test  will  not  then  detect  its  defects, 
even  though  these  defects  be  accentuated  by  the  addition  of  free  caus- 
tic lime  to  the  already  unsound  jiroduct;  and  hence — 

Fourth. — The  high-temperature  bath  is  not  of  much  value  in  detect- 
ing free  lime. 

The  first  conclusion  seems  to  be  based  on  the  fact  that  when  ordi- 
nary lime  is  ground  to  a  jaowder  it  quickly  hydrates,  or  slakes,  in  the 
air.     The  length  of  time  required  for  lime  to  slake  depends  on  its 
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purity,  and  tlie  degree  of  heat  to  which  the  more  or  less  impure  raw- 
material  has  been  subjected  in  burning.  It  seems,  then,  quite  con- 
ceivable that  the  "free  lime"  in  cement  may  not  slake  in  the  air,  or 
evea  in  water,  in  anything  like  such  a  short  length  of  time.  This  idea 
is  not  new. 

That  hydrated  lime  is  of  advantage  to  a  Portland  cement  is  an  idea 
that  is  not  only  new,  but  one  which,  it  is  believed,  will  have  to  be  sup- 
ported by  very  substantial  evidence  before  it  is  generally  accepted. 
Mixing  lime  paste  with  lean  Portland  cement  mortars  is  often  recom- 
mended for  reasons  purely  mechanical,  biit  it  is  generally  considered 
that  replacing  a  portion  of  the  cement  with  lime  resitlts  in  a  propor- 
tionate decrease  in  strength.  While  it  may  not  be  actively  injurious, 
it  is  not  clear  how  hydrated  lime  can  be  considered  anything  but  an 
adulterant  as  far  as  strength  is  concerned. 

The  third  point  mentioned  above  is  one  which,  if  proved  to  be  true, 
is  of  great  interest  and  importance.  If  a  cement  which  is  defective  on 
account  of  free  lime  may  be  ma  le  to  withstand  the  hot-bath  test  by 
the  addition  of  sulphate  of  lime,  it  will  detract  very  miich  from  the 
usefulness  which  the  hot  test  is  supposed  by  some  to  possess.  The 
first  tests  cited  in  the  paper  to  prove  this  point  show  that  after  being 
rendered  slow  setting,  the  cement  under  consideration  would  not  bear 
the  addition  of  10°;^  of  qiiicklime  even  when  the  cement  mortar  was 
left  in  the  air.  There  woiild  scarcely  be  a  necessity  then  of  resorting 
to  the  hot  test.  The  briquettes  ajjparently  expended  all  their  expansive 
energy  in  the  molds,  and  when  subsequently  placed  in  the  hot  bath 
they  developed  some  strength.  This  is  analogous  to  the  action  of  frost 
on  mortars;  the  freezing  of  the  water  in  the  mortar  may  cause  swell- 
ing and  cracking,  but  with  the  api^roach  of  warm  weather  considerable 
strength  may  be  developed.  Concerning  the  tests  numbered  3  085, 
etc.,  and  150,  etc.,  the  cement  withstood  the  hottest  after  the  addition 
of  3"o  of  a  hard-burned  quicklime.  By  referring  to  Table  III  of  Mr. 
Maclay's  paper,*  it  will  be  seen  that  the  hot  test  did  not  detect  a  3^^ 
addition  of  lime  if  the  pat  was  not  immersed  within  less  than  24 
hours  after  being  made.  It  was  not  surprising,  then,  that  these 
briquettes  withstood  the  treatment  to  which  they  were  subjected. 

As  regards  the  remaining  briquette  tests  it  may  be  noticed  in  pass- 
ing that  the  seven-day  cold-water  test  did  not  give  any  indication  of 
the  very  large  amount  of  lime  present.  If  this  lime  were  of  the  kind 
mentioned  in  the  early  part  of  the  paper  as  reqiiiring  but  seven  to  ten 
days  to  slake,  it  is  not  strange  that  the  cold  test  failed  to  show  it, 
since  the  lime  had  remained  in  a  box  for  a  week;  neither  should  the 
hot  test  be  expected  to  detect  it,  as  I  have  not  seen  it  claimed  by  any 
writers  on  the  subject  that  the  hot  test  would  detect  hydrated  lime. 

*  Transactions  Am.  Soc.  C.  E.,  Vol.  XXXVII,  page  418. 
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But  a  possible  explanation  of  the  failure  of  jthe  cold  test  and  partial 
failure  of  the  hot  test  to  detect  the  large  amount  of  lime  may  be  found 
in  the  nature  of  the  latter  as  regards  impurities  and  degree  of  burning. 
If  the  writers  were  able  to  show  by  subsequent  results  that  this  lime 
was  such  as  to  render  the  cement  a  dangerous  one  to  use,  or  that  the 
lime  used  was  in  the  same  state  as  that  which  is  found  in  cements,  then 
it  might  be  said  that  the  hot  test  should  have  brought  out  the  defects 
of  the  cement  more  clearly.  The  "remarkable  capacity  of  slow-set- 
ting cement  to  carry  free  lime  without  injury  "  does  not,  therefore, 
seem  to  be  very  clearly  established,  if  "  free  lime  "  is  taken  in  its  or- 
dinary meaning  in  this  connection. 

Neither  is  it  quite  plain  what  "question  "  is  begged  by  saying  that 
the  free  lime,  which  does  no  harm,  need  not  concern  us.  What  is 
usually  claimed  for  hot  tests  is  that  they  will  detect  tendencies  to 
change  in  volume,  and  it  is  generally  believed  that  free  lime  (not 
hydrated)  is  one  of  the  most  common  causes  of  swelling.  It  is  clearly 
stated  by  most  writers  that  free  lime  is  not  the  only  cause  of 
swelling. 

In  testing  Portland  cements,  I  use  a  temperature  of  80-"  Cent,  for 
hot-bath  tests.  This  is  practically  the  same  as  that  used  by  Messrs. 
Lewis  and  Whitfield.  This  may  not  be  the  best  temperature.  It  is  pos- 
sible that  it  might  well  be  increased  to  a  point  somewhat  below  100^ 
Cent.,  and  it  may  be  that  the  temperature  used  by  Mr.  Faija  is 
sufficiently  severe. 

The  following  results  were  obtained  with  a  sample  of  cement 
which  failed  in  the  cold-pat  test.  A  thin  pat  on  glass,  placed  in  cold 
water  (15  to  18  ->  Cent. )  when  it  had  set,  cracked  slightly  at  the  edges  in 
about  two  weeks,  and  a  similar  pat  treated  the  same  way,  except  that  it 
was  left  two  hoiirs  longer  in  the  air,  cracked  in  about  four  weeks.  Two 
pats  which  were  left  in  the  vapor  three  hours  and  then  immersed  in 
the  hot  bath  (80°  Cent.)  showed  many  fine  cracks  on  the  surface,  had 
warped  and  one  of  them  had  nearly  disintegrated  in  less  than  four 
days  ;  these  two  pats  were  placed  in  the  vapor  when  they  would  hold 
the  i-pound  wire  and  1-pound  wire,  respectively  (General  Gillmore's 
wires).  Some  of  this  cement  was  then  spread  about  3  ins.  deep,  and 
placed  in  a  dry  place  to  aerate.  At  the  end  of  one,  two  and  three 
weeks  the  tests  were  repeated  on  the  aerated  sample  with  little,  if  any, 
better  results.  At  the  end  of  nine  weeks'  exposure,  a  treatment  to  the 
hot  bath  for  two  days  showed  that  pats  would  not  yet  withstand  the 
hot  test,  but  in  cold  water  one  of  the  pats  was  still  sound  after  two 
months,  while  the  other  was  only  slightly  warped.  After  15  weeks' 
aeration,  the  pats  merely  became  detached  from  the  glass  after  being  in 
the  hot  bath  two  days.  The  following  results  were  obtained  with  bri- 
quettes from  this  sample  of  cement,  2  parts  sand  to  1  cement,  by  weight. 
The  hot-water  briquettes  were  in  moist  air  21  hours;  vapor,  three  hours; 
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and  hot  water  (80°  Cent.),  four  days.    The  cold-water  briquettes  Avere  in 
air  24  hours  before  immersion  : 


Time 

aerated, 

days. 

Temperature  of 

water  of 

immersion. 

Age,  days. 

Mean  tensile  strength 

in    pounds    per 

square  inch. 

Swelling  of  1-iu. 
section. 

00 
21 
63 
00 
00 

eO=  Cent. 
15  to  18'  Cent. 

5 

r; 

5 

7 
28 

8 

18 

186 

258 

368 

i  in. 

It  may  be  held  by  some  that  the  checking  of  neat  cement  jsats,  even 
in  cold  water,  does  not  prove  that  the  cement  may-notgive  good  results 
when  mixed  with  sand,  and  consequently  that  I  have  not  shown  that 
the  cement  under  consideration  is  a  bad  one.  However,  I  submit  that 
it  would  not  generally  be  thought  that  the  manufacturer  had  been 
treated  unfairly  if  such  a  product  were  rejected.  I  do  not  believe 
an  engineer  would  get  his  full  allowance  of  sleep  if  he  thought  his 
structure  rested  on  that  cement,  yet  a  tensile  test  five  months,  neat, 
cold,  showed  a  strength  of  about  540  lbs.  per  square  inch,  with  no 
cracks  visible  in  the  briquettes.  Had  this  cement  been  stored  long 
enough  to  have  aerated  about  the  same  amount  as  it  did  in  nine  weeks, 
when  sjjread  out,  then  before  the  two  months  required  by  the  cold  test 
to  detect  a  tendency  to  blow  had  expired,  the  cement  would  doubtless 
have  bsea  in  the  work.  As  the  hot-bath  test  showed  this  tendency  in 
two  days,  I  leave  it  as  an  open  question  whether  it  gave  any  useful 
information. 

As  is  intimated  above,  there  are  but  few  who  would  not  pronounce 
this  sample  unsound.  As  aeration  imjiroved  its  quality,  the  unsound- 
ness might  have  been  connected  with  the  i^resence  of  free  lime  ;  if  so, 
the  latter  would  not  appear  to  be  such  a  harmless  element,  and  this 
free  lime  required  more  than  10  days  to  slake. 

It  has  seemed  to  me  that  the  i^romoters  of  the  hot  test  have  made 
greater  claims  for  it  than  were  warranted  by  the  results  which  they 
have  i^resented,  and  it  is  certain  that  inconsistencies  exist  which  furnish 
points  of  attack  for  its  detractors.  Mr.  Henry  Faija  has  been  satisfied 
with  the  results  of  his  apparatus  with  a  temperature  of  about  115^ 
Fahr.,  after  many  years'  use,  but  there  are  probably  many  engineers 
who  have  used  the  cold  test  alone,  and  have  not  met  with  any  failures 
in  their  work  which  they  attribute  to  unsound  cement.  In  his 
paper  on  the  subject  Mr.  Faija  says:*  "Some  cements  will  blow 
whether  they  are  new  or  old";  and  again  (page  59):  "That  nearly 
any  cement  that  had   aged   sufficiently   would    stand  the    hot  test" 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XXX,  page  56. 
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(referring  to  80^  Cent.).  Now,  it  seems  certain  that  a  cement  which, 
stands  the  hot  test  will  also  stand  Mr.  Faija's  test,  and  hence  his  test 
would  fail  to  detect  tendencies  to  blow  in  those  cements  which  were  old. 

The  value  of  the  hot  test  should  be  demonstrated  by  an  extended 
series  of  experiments.  It  is  not  sufficient  to  comjjare  the  results 
obtained  in  the  hot  bath  with  7  and  28-day  results  obtained  in  cold 
water.  Before  the  hot  test  will  be  generally  accepted,  it  must  be  shown 
that  a  cement  which  withstands  this  severe  treatment  will  not  i^rove 
defective  in  ordinary  use  after  months,  at  least  ;  and  in  justice  to  the 
manufacturer,  it  should  be  shown  that  there  is  not  a  large  class  of 
cements  which  will  give  the  best  results  in  practice  but  which  will  fail 
in  the  hot  tests.  But  "  Rome  was  not  built  in  a  day."  Meantime, 
that  the  hot  test  is  gaining  in  favor  is  evidenced  by  its  extending  use, 
and  such  pajiers  as  the  one  lander  discussion  are  very  welcome,  as 
elucidating  the  subject. 

W.  W.  MACiiAY,  M.  Am.  Soc.  C.  E.  (by  letter). — I  have  carefully  read 
the  paper  by  Messrs.  Lewis  and  Whitfield  without  finding  any  reason 
to  change  my  views  about  "Hot  Tests  for  Portland  Cement,"  asset 
forth  in  my  paper*;  on  the  contrary,  I  am  to-day  more  strongly  in 
favor  of  the  "hot  tests  to  quickly  show  the  tendency  of  Portland 
cement  to  change  its  volume  "  than  I  was  two  years  ago.  My  reason 
for  feeling  more  positive  than  formerly  in  regard  to  the  usefulness  of 
the  hot  tests  is  because  I  have  employed  this  test  almost  con- 
stantly since  my  paper  was  read,  and  always  with  satisfactory  results. 
By  this  I  mean  that  Portland  cements  that  failed  by  exjiosure  to  the 
air  for  long  jjeriods,  from  three  months  to  one  year,  by  losing 
their  early  tensile  strength  or  by  disintegrating  entirely,  were  in- 
variably rejected  in  24  hours  by  the  hot  test,  and  invariably  jiassed 
all  the  cold-water  tests.  Great  weight  is  always  given  in  the  dis- 
cussions against  the  "Hot  Tests  for  Portland  Cement,"  to  the  fact 
that  the  German  Normal  Rules  for  testing  do  not  recognize  them. 
This  fact  would  almost  seem  to  settle  the  question  against  the  hot 
tests,  inasmuch  as  Germany  is  acknowledged  to  be  the  foremost 
country  in  the  manufacture  and  testing  of  Portland  cement.  The 
opinion  in  Germany,  however,  against  the  hot  tests  is  not  nearly  so 
unanimous  as  is  commonly  represented  ;  some  of  their  most  eminent 
cement  engineers  are  not  only  in  favor  of  the  hot  tests,  but  are  using 
them  at  the  present  time  in  addition  to  the  Normal  Rules,  and,  as 
for  the  manufacturers,  I  think  there  are  few  that  do  not  now  use  the 
hot  tests  for  their  own  information,  whatever  may  be  the  practice 
with  the  consumers. 

There  will  be  a  conference  or  congress  of  eminent  cement  engineers 
of  different  nationalities  at  Zurich,   Switzerland,  in  September,  1895, 
where  the  whole  question  involving  the  change  of  volume  of  Portland 
*  Vol.  XXVII,  Transactions,  Am.  Soc.  C.  E.,  October,  1892. 
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cement  will  again  be  thoroughly  discussed,  and  recommendations  made; 
and,  inasmuch  as  the  German  Normal  Rules  have  been  largely  the  result 
of  these  congresses,  we  need  not  consider  the  question  as  definitely 
settled  against  the  hot  tests  quite  yet. 

The  following  is  an  extract  from  a  jjaper  sent  to  me  by  Dr.  Michaelis, 
of  Berlin,  early  in  the  present  year  : 

"  The  so-called  American  hot-water  test,  described  in  No.  12  of  the 
Thmindusirie  Zeilung,  of  March  18th,  1893,  has  been,  as  it  is  known, 
but  with  slight  alterations,  used  by  me  for  many  years.  I  always 
recommend  it  for  the  purpose  of  selecting  the  most  reliable  cement 
in  the  shortest  time.  Therefore  I  welcome  the  impartial  experiments 
on  this  method  by  the  American  engineer,  W.  W.  Maclay,  and  his  col- 
leagues in  the  field." 

"For  ten  years  I  have  endeavored,  but  without  success,  to  prove 
the  value  of  an  accelerated  testing  of  Portland  cement  to  the  Ministry 
of  Public  Works  in  Prussia.  Alas,  it  is  unfortunate  to  be  so  far  ahead 
of  the  age.     At  the  present  time  the  chances  look  somewhat  better." 

The  writers  of  the  pajjer  under  discussion  are  inclined  to  think  the 
question  of  free  lime  a  "bugaboo,"  and  argue  that  because  hard- 
burned  lime  ground  to  pass  a  No.  74  sieve  soon  ceases  to  be  caustic, 
and  rapidly  takes  up  water  from  the  air;  therefore,  it  is  probable  "that 
in  a  week  or  10  days  after  grinding,  the  free  lime  contained  in  a  cement 
has  ceased  to  be  caustic."  This  theory  may  seem  plausible  to  the 
writers,  but  it  is  not  very  satisfactory  to  the  manufacturer  who  finds 
himself  obliged  to  cure  his  cement  six  months  before  he  dares  to  put 
it  on  the  market. 

Some  space  in  the  paper  is  devoted  to  proving  that  hydrated  lime 
is  of  no  disadvantage-  to  a  cement.  This,  of  course,  admits  of  no  dis- 
cussion, for  as  soon  as  the  free  lime  in  a  cement  has  been  hydrated,  it 
will  jjass  all  hot  tests. 

The  addition  of  small  quantities  of  sulphate  of  lime  to  properly 
burned  and  carefully  j^roportioned  artificial  Portland  cement  to  make 
it  slow  setting  has  long  been  practiced  in  the  German  factories,  and 
doubtless  enables  some  of  their  cement  to  jDass  the  hot  tests,  which 
they  would  not  do  before  the  sulphate  of  lime  was  added.  But  to 
follow  this  practice  with  a  really  objectionable  Portland  cement,  con- 
taining a  large  excess  of  free  lime,  would  require  the  addition  of 
sulphate  of  lime  beyond  the  recognized  limit. 

The  efiect  of  adding  caustic  lime  to  Portland  cements,  given  in 
Table  I  of  my  paper,  already  referred  to,  does  not  agree  exactly  with 
the  results  recorded  in  the  paper  under  discussion,  but  this  may  be  due 
to  the  fact  that  some  of  the  lime  used  in  these  experiments  "  had  been 
ground  uj?  fine  and  kejit  in  a  box  in  the  air  for  a  week,"  when,  of 
course,  it  would  cease  to  be  caustic. 

Mr.  Rudolph  Dyckerhoff,  in  discussing  my  paper  in  1892,  is  quoted 
in  this  paper  as  saying: 

"When   thoroughly   hardened,    the  mortar  of  any  good  Portland 
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cement  will  safely  pass  this  violent  test,"  and  the  writers  of  the  paper 
go  on  to  say  from  this,  "It  is  difficult  to  escape  this  conclusion — if  a 
cement  will  not  stand  boiling  in  a  fresh  pat  because  of  free  lime,  but  will 
stand  boiling  in  a  pat  a  few  days  old,  then  it  must  in  the  interval 
have  disposed  of  its  free  lime." 

Mr.  Dyckerhoff's  conclusion  quoted  above,  and  the  writer's  deduc- 
tion therefrom,  are  both  erroneous,  as  well  as  the  remarks,  in  this  con- 
nection, made  by  Mr.  Dyckerhoflf  at  the  general  meeting  of  cement 
manufacturers  in  Germany  in  March,  1893,  viz.:  "What,  in  fact,  is 
meant  by  a  cement  not  standing  the  boiling  test  ?  Nothing  else,  but 
that  the  cement  mortar  at  a  cerliain  state  of  its  hardening,  after  24 
hours,  does  not  resist  the  boiling  water;  after  a  longer  time,  say,  14 
days,  the  very  same  cement  will  endure  the  boiling  test,  etc."  My  own 
experience  is  exactly  the  reverse  of  Mr.  Dyckerhoff's.  Cements  that 
would  not  stand  the  boiling  test  at  24  hours  after  gauging  I  have  kept 
from  three  to  four  months  immersed  as  neat  briquettes,  and  even 
after  that  long  interval  of  immersion  in  normal  cold  water  these 
briquettes  still  failed  to  pass  the  boiling  test.  Pats  and  briquettes 
from  these  cements,  kept  in  the  air,  cracked  and  disintegrated  after 
two  or  three  months'  exposure,  although  the  normal  cold  tests  for 
short  and'long  periods  gave  excellent  results.  It  was,  therefore,  very 
gratifying  to  receive  from  Dr.  Michaelis  a  paper  completely  coniirming 
my  own  experience  and  refuting  the  views  of  Mr.  Rudoli^h  Dyckerhoff 
in  this  connection.  The  following  is  in  Dr.  Michaelis'  own  words  : 
"  In  1875  the  undersigned  (Dr.  Michaelis)  found  with  a  South  German 
Portland  cement,  renowned  for  its  remarkable  strength  in  common 
water  hardening  and  not  showing  any  increase  of  volume  or  decom- 
position in  the  air,  that  the  briquettes  which  hardened  and  remained 
sound  for  months  in  the  water  were  totally  destroyed  after  but  half  an 
hour's  boiling.  Any  cement  that  is  not  perfectly  constant  in  volume 
and  that  shows  an  increase  of  volume  24  hours  after  the  pats  are  made 
and  boiled  three  or  four  hours  will  show  the  very  same  after  2,  3,  7  and 
14  days  of  hardening  (the  first  day  in  moist  air,  and  after  that  under 
water),  when  they  are  afterwards  submitted  to  the  boiUng  test.  Of 
course  this  can  be  changed  by  seasoning  the  cement  from  7  to  14  days 
before  making  up  the  test  pat  and  submitting  it  to  the  boiling.  The 
boiling  is  not  intended  to  prove  whether  the  cement  will  be  constant 
of  volume  in  future  time,  but  whether  it  is  so  when  mixed  and  tested." 

"  Mr.  Dyckerhoff  will  probably  change  his  opinion  after  thoughtful 
study  of  the  boiling  test. 

"On  the  other  hand,  it  has  been  proved  to  be  wrong,  when  Mr. 
Dyckerhoff'  says,  '  Every  Portland  cement  standing  the  standard  test 
for  constancy  of  volume  will,  in  practical  use,  even  at  normal  tempera- 
tures up  to  between  104 and  122  ^  Fahr.  (40  and  50°  Cent.),  prove  always 
constant  in  volume  for  all  future  time.'  " 

I  think,  therefore,  that  while  the  writers  of  this  paper  are  tech- 
nically right  in  giving  considerable  weight  to  the  German  decision 
against  hot  tests,  on  the  other  hand,  the  friends  of  the  accelerated 
tests  need  not  despair  of  their  views  being  almost  universally  accepted 
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at  some  future  time,  when  tliey  count  as  they  do  now,  some  of  the 
ablest  cement  authorities  in  Europe  as  their  advocates. 

Messrs.  Frederick  H.  Lewis  and  J.  Edward  Whixfteld. — The  fol- 
lowing experiment  is  jjerhaps  more  convincing  than  anything  which 
has  yet  been  said,  viz. :  Take  freshly  ground  and  quick-setting  ce- 
ment and  treat  it  with  2%  of  suljshate  of  lime,  using  preferably 
what  is  known  as  boiled  plaster.  The  cement  will  at  once  become 
slow  setting,  and  in  nearly  all  cases  it  will  at  once  stand  the  boiling 
test.  Now  take  the  sample  thus  treated  and  spread  it  in  a  shallow 
box,  freely  exposed  to  the  air,  so  the  free  lime  jDresent  can  take  up 
moisture  and  carbonic  acid,  and  then  test  the  cement  every  few  days, 
to  ascertain  its  setting  time.  It  will  be  found  that  the  time  becomes 
shorter  and  shorter,  until,  at  the  end  of  two  or  three  weeks,  the  cement 
is  nearly  as  quick  setting  as  it  was  before  the  plaster  was  added.  When 
the  cement  has  reached  this  condition,  add  to  it  2  or  3%  of  quicklime, 
and  again  test  the  setting  time.  It  will  be  found  that  the  cement  at 
once  becomes  quite  slow  setting  again. 

The  explanation  of  these  phenomena  is  simply  this,  that  the  cement 
can  be  slow  setting  only  in  the  presence  of  quicklime.  This  may  fairly 
be  called  reductio  ad  ahsurdum  for  the  boiling  test  for  free  lime,  be- 
cause it  is  demonstrated  that  the  sulphate  has  no  effect  whatever  upon 
the  lime,  but  that  its  reaction  is  with  the  aluminate  of  lime.  As  in 
many  other  chemical  reactions,  the  presence  of  free  lime  is  merely 
auxiliary.  We  owe  these  facts  to  Candlot,  who  developed  them  in  an 
elegant  series  of  exjieriments. 

Now,  no  prejudice  in  regard  to  cements  is  more  widespread  than 
that  the  quick  setting  is  due  to  the  presence  of  lime.  It  is  generally 
assumed  that  this  is  a  self-evident  truth,  axiomatic.  Yet  Mr.  Lesley 
points  out  that  the  addition  of  lime  to  cements  has  been  practiced 
commercially,  for  the  purpose  of  making  it  slow  setting,  and  it  is  a 
very  simple  experiment  to  demonstrate  that  the  addition  of  a  small 
percentage  of  quicklime  will  generally  retard  the  setting,  and  some- 
times, as  noted  above,  will  produce  a  marked  difference  in  the  setting 
time. 

It  can  hardly  be  questioned  that  the  prejudice  referred  to  accounts 
for  the  ready  reception"'  of  the  boiling  test.  T\Tien  an  experimenter 
finds  that  the  quick-setting  cements  generally  fail  in  this  test,  its  value 
is  at  once  established,  because  he  knew  (?)  beforehand  that  the  quick- 
setting  cements  contained  free  lime. 

Mr.  Whitaker  objects  to  the  use  of  the  term  free  lime,  and  the 
writers  in  a  measure  agree  with  him.  The  word  lime  means,  both  in 
common  and  scientific  use,  calcic  oxide  (CaO),  quicklime  ;  or  its 
hydrate  (CaOH,0),  slaked  lime,  and  nothing  else.  But  just  what  is 
meant  by  "free  lime,"  used  in  connection  with  the  boiling  test,  we 
should  prefer  to  leave  for  explanation  to  its  advocates.     It  has  always 
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seemed  to  us  that  Mr.  Faija  was  more  modest,  and  perhajis  mtach  more- 
accurate  also,  in  simply  claiming  for  his  apparatus  that  it  would  detect 
a  "blowey  "  tendency  in  cements. 

Covering  the  questions  raised  by  Mr.  Sabin  on  the  propriety  of 
using  mixtures  of  Portland  cement  and  slaked  lime,  we  give  below 
the  records  of  tests  by  Candlot,   referred  to  in  the  original  paper. 

First  Series. 


Composition  of   mortars    for    1   cu. 
m.  of  normal  sand,  weighing 

Per 

cent. 

of 

water. 

Tensile  tests  of  briquettes,  in  pounds  per 
square  inch. 

2  870  pounds. 

7  days. 

28  days. 

3  months. 

1  year. 

2  years. 

f  Cement,  80 1 
;  Lime,       20  J  •  • 
1  215    lbs.     of     these    Cement,  65  i 
different     mixtures  J  Lime.       35)  '• 
of     lime     aud    ce-  ^  Cement,  45 1 
ment  :                             Lime,       55  1  •' 
Cement,  30) 
[Lime,       70)  •• 
Weights  of  a  mixture  f    --q  ,, 

of  10^  cement  and  |     l^    • 

30;j-  lime  for  1  cu.  ■{    ;^^"   „  ;„v :  •  ■ 
m.     of   sand    (2  870     ,  ^^"    ,.  (''''^)-- 
lbs.):                             [l'^*"        

11.0 

12.5 

13.0 

13.0 

10.0 
10.0 
10.0 
10.0 

223 
207 
145 

121 

78 
201 
235 
334 

300 

285 

205 

185 

134 
269 
370 
357 

424 
363 
322 

286 

158 
322 
441 
488 

537 

514 

469 

368 

213 
478 
533 
585 

512 

455 

425 

375 

219 
482 
766 
636 

Second  Series. 


Composition  of  the  mortars. 


Tensile  tests  of  briquettes,  in  pounds  per  square 
inch. 


7  days. 

28  days. 

229 

310 

200 

283 

139 

193 

122 

175 

142 

229 

132 

229 

67 

91 

162 

218 

202 

255 

80 

107 

148 

192 

169 

277 

90 
116 

m 

108 

201 

3  months. 


6  months. 

1  year. 

397 

415 

361 

420 

297 

318 

276 

306 

368 

377 

446 

577 

148 

180 

40! 

390 

352 

484 

166 

178 

277 

308 

344 

458 

134 

1.55 

159 

193 

222 

378 

2  years. 


Cement, 

90) 
10  ( 

Lime, 

Cement, 

80  1 

Lime, 

20  ( 

Cement, 

70) 
30  ( 

Lime, 

Cement, 

60) 
40 1 

Lime, 

Cement, 

100  / 

Lime, 

M 

Cement, 

70^ 

Lime, 

30  ^ 

Cement, 

60  / 

Lime, 

40  j 

Cement, 

50) 

Lime, 

50) 

',Q  I  1  part  to  3  sand 


"    (air).. 


3     "     (air), 
(air). 


3 
3 
5 

3     "     

3     "    (air).. 


328 
252 


292 
296 
148 
295 
361 
128 
238 
383 
116 
162 
267 


435 


320 

437 
711 
202- 
454 
484 
215 
425 
727 
199' 
269 
660 


It  would  appear  from  the  way  in  which  the  mixtures  are  described  in. 
the  first  table  that  these  tests  are  actually  mortar  box  tests.      It  is,  o£ 
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course,  essential  for  good  results  that  the  lime  shall  be  thoroughly 
slaked. 

Speaking  of  slaked  lime,  is  it  not  a  fact  that  free  and  uncombined 
slaked  lime  is,  and  must  always  be,  found  in  cements?  The  prime 
factor*  in  Portland  cement  is:  SiO;.  3CaO  ;  and  the  reaction  with 
water  is  SiO.,,  3  CaO  ^  aq.  =  SiO.,  CaO,  2.5  H.O  +  2  CaO,  H.O;  that  is, 
rather  more  than  40^%''  of  the  cementing  jirinciple  is  simply  slaked 
lime. 

Many  people  ascribe  the  strength  of  lime  mortars  entirely  to  the 
absorption  of  carbonate  acid  from  the  air,  and  overlook  the  strong  bond 
which  lime  forms  with  silica,  due  to  a  coating  of  silicate  of  lime  on 
each  grain  of  sand. 

The  large  fund  of  information  which  Mr.  Lesley  brings  to  bear 
upon  the  discussion,  and  the  interesting  report  he  gives  of  the  meet- 
ing of  the  German  Society,  make  his  paper  very  valuable,  and  we  are 
glad  to  note,  that  the  standard  test  is  confirmed  in  Dr.  Pruessing's 
exiDei^iments. 

But  we  disagree  sharply  with  Messrs.  Lesley  and  Booth  in  con- 
sidering the  addition  of  sulphate  to  be  essentially  bad  and  undesirable. 
On  the  contrary,  it  seems  to  us  that  the  use  of  sulphate  within  the 
limits  of  the  German  si^ecifications  make  it  an  admirable  cement  for 
fresh  water  or  air  exposures.  Cements  treated  ■with  sulphate  possess 
the  i^eculiarity  of  setting  slowly  and  hardening  quickly.  They  gain 
strength  rajjidly.  We  have  tested  cements  whose  initial  set  exceeded 
one  hour  and  a  half,  but  which  practically  attained  maximum  tensile 
strength  neat  in  seven  days.  And  it  will  geuerally  be  found  that  the 
treated  cements  give  tests  at  seven  days  from  30  to  bO%  higher  than 
the  untreated  cements.  This  is  a  valuable  larojierty,  and  one  well 
suited  for  work  in  rapid  progress. 

It  is  true  that  the  addition  of  sulphate  can  be  overdone,  and  it  is  also 
quite  time  that  for  salt  water  exposures  the  amount  of  sulphate  present 
should  l)e  limited  to  quite  moderate  figures.  But  these  facts  are  well 
understood  in  European  j^ractice,  and  are  provided  for  in  specifica- 
tions, and  if  our  engineers  are  using  cements  indiscriminately  the 
fault  is  theirs  and  not  the  manufacturer's. 

We  have  reason  to  think  that  in  the  best  practice  the  total  suli)hate 
in  treated  cements  is  frequently  no  higher  than  in  untreated  cements. 
Thus  the  analyses  of  two  samples  of  treated  cements  showed  suli^huric 
acid  as  follows: 

No.  1 0.697^ 

2 0.886%' 

Both  of  these  samples  are  confidently  believed  to  have  contained 

•See  Le  ehatelier:  ■' Recherches  Experimentales  sur  la  Constitution  des  Mortiers 
H)drauliqU(S." 
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added  sulphate,  and  both  of  them  are  fit  for  use  in  sea  water.  On  the 
other  hand,  the  following  analyses  represent  cements  which  contained 
no  added  sulphate: 


No. 


sulphuric  acid  (SO3 


1.123^ 
1.281% 
1.161% 
1.206% 


Treated  cements  containing  higher  percentages  than  those  given  in 
Nos.  1  and  2  are  as  follows : 

No.  8 1.164%  sulphuric  acid  (SO3). 

9 1.323% 

10 1.247% 

11. 1.340% 

12 2.295% 

13 1.340% 

14 2.108% 

It  will  thus  be  observed  that  the  total  sulphuric  acid  in  several  of 
the  treated  cements  is  about  on  a  par  with  the  percentage  in  the  un- 
treated cements.  This  would  indicate  superior  kiln  work,  keeping  the 
so-called  "  combined  "  sulphate  at  low  figures. 

In  conclusion,  then,  so  far  as  free  lime  is  concerned,  the  writers  are 
compelled  to  discard  the  boiling  test.  Whether  the  test  has  any 
significance  at  all  is  perhaps  still  oj^en  for  argument  and  for  investi- 
gation. 
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HARPER'S  FERRY  IMPROVEMENT. 


By  William  Lee  Sisson,  Assoc.  M.  Am.  Soc.  C.  E. 
Eead  Apkil  18th,  1894. 


At  Harper's  Ferry,  "W.  Va.,  55  miles  west  of  Washington,  the  three 
States  of  Maryland,  Virginia  and  West  Virginia  come  together  at  the 
junction  of  the  Potomac  and  Shenandoah  Rivers.  Here  the  Potomac, 
flowing  for  some  distance  southeast,  is  joined  by  the  Shenandoah,, 
and,  breaking  through  a  rugged,  picturesque  gap  in  the  Blue  Ridge, 
flows  eastward  nearly  at  right  angles  to  its  former  course.  The  moun- 
tains in  the  vicinity  are  steep  and  rugged  from  their  base  upwards, 
the  slopes  here  and  there  being  covered  with  light  growths  of  timber, 
and  the  strata  is  much  distorted  and  broken.  The  Potomac  at  and 
near  this  point  has  an  average  width  of  about  1  200  ft. ,  its  narrowest  part 
being  at  its  junction  with  the  Shenandoah,  where  it  is  only  850  ft. 
The  average  dej^th  at  extreme  low  water  is  about  5  ft.,  and  extreme 
high  water  is  36  ft.  above  this,  the  rise  due  to  ordinary  freshets  being 
fi'om  18  to  20  ft.  From  Sandy  Hook,  which  is  one  mile  east  of  Harper's 
Ferry,  the  old  main  line  of  the  Baltimore  and  Ohio  Railroad  follows 
the  north  bank  of  the  Potomac  and  the  Chesapeake  and  Ohio  Canal 
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as  far  as  the  west  side  of  the  mountain  gap,  where  it  cnrves  sharplv 
to  the  left  with  a  16^  curve  and  crosses  the  canal  and  the  river  on  a 
single-track  through  bridge  of  the  Bollman  type.  The  north  side  of 
the  bridge  is  used  for  the  county  road  travel.  At  the  east  end  there 
is  a  16^  curve,  and  at  the  west  end  the  bridge  branches  into  a 
Y,  the  extension  of  the  bridge  tangent  being  used  for  the  Valley 
Branch  and  the  county  road  and  the  other  arm  of  the  Y,  a  curve 
of  18'  being  used  for  the  main  line.  Owing  to  wooden  reinforcing 
trusses,  additional  bracing,  etc.,  having  been  put  in  to  strengthen  the 
original  part  of  the  bridge,  it  is  now  quite  a  complicated-looking 
afTair,  and  its  present  condition  mainly  necessitated  the  change  at 
Harper's  Ferry.  The  old  main  line  then  follows  the  south  bank  of  the 
Potomac  on  an  iron  trestle,  reinforced  by  intermediate  wooden  bents, 
for  a  distance  of  nearly  one-half  mile,  and,  crossing  over  the  old  Govem- 
nient  canal  on  a  double-track  Bollman  bridge  of  160-ft.  sj^an  to  the  foot 
of  the  bluffs  near  Island  Park,  follows  along  the  West  Virginia  shore  for 
nearly  two  miles,  at  which  point  it  leaves  the  river.  For  quite  a  number 
of  years  the  Baltimore  and  Ohio  Railroad  had  been  considering  the 
improvement  of  their  line  in  this  vicinity,  but  it  was  not  untU  1892  and 
after  numerous  surveys  had  been  made  that  active  measures  were  taken 
towards  making  any  change.  The  main  features  of  the  location  pro- 
posed by  Col.  James  L.  Eandolf^h  (formerly  Chief  Engineerj  many 
years  ago  were  adopted,  and  these,  together  with  a  few  important 
changes,  constitute  the  present  imjjrovement.  In  July,  1892,  the 
writer  received  instructions  to  make  the  final  location  and  all  plans 
(except  those  for  superstructure;  for  the  new  line  Ijetween  Island  Park 
and  Sandy  Hook,  two  miles  in  all ;  and  also  for  the  new  connection  to 
jthe  Valley  Branch,  one-half  mile  south  from  the  Ferry,  and  work  was 
begun  one  month  later. 

The  change  logins  at  Lsland  Park  by  replacing  700  ft.  of  a  reverse 
curve  with  a  tangent  to  an  8^  curve  in  the  old  main  line  at  Station  0; 
thence  the  line  follows  with  easy  alignment  and  grades  along  the  foot 
of  the  Vjluffs  on  the  West  Virginia  side  to  Station  42  -}-  45.7  where  it 
curves  to  the  left  with  a  9"  30'  curve  to  Station  47  -j-  80  at  the  west 
end  of  the  bridge,  where  it  is  H.3  ft.  higher  than  the  old  main  line  and 
5  ft.  above  high  water;  thence  c-rosses  the  river  at  an  angle  of  73  45' 
to  its  course  to  Station  56  +  72.82  at  the  east  end  of  the  h»ridge,  where 
it  is  10.9  ft.  higher  than  the  old  main  line.     The  line  then  curves  lo 
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the  right  with  a  7-  curve  for  100  ft.,  when  it  enters  an  815-ft.  tunnel, 
the  latter  672  ft.  of  which  is  straight ;  from  the  east  end  of  tunnel  the 
line  is  an  easy  compound  curve  to  where  it  joins  the  old  main  line  at 
Sandy  Hook. 

Owing  to  the  rugged  topography  of  the  country  and  to  the  position 
of  certain  buildings  on  the  line,  it  was  necessary  to  establish  the  new 
line  from  Station  43  to  68  +  61  by  triangulation.  The  position  of 
bridge  tangent  being  fixed,  the  first  triangulation  was  for  the  curve 
between  42  +  45.66  and  47  +  80,  the  P.  I.  and  P.  T.  of  which  were 
inaccessible.  A  base  line  was  first  run  from  Station  43  on  tangent  to  a 
point  on  the  bridge  tangent  extended  and  from  angles  taken  at  each  end 
of  it,  the  station  of  this  point  (47  +  41)  and  its  distance  from  the  P.  I., 
the  P.  I.  and  the  station  of  P.  C.  were  determined.     There  was  no  error. 

From  a  point  on  the  bridge  tangent,  on  the  north  side  of  the  river, 
and  at  the  foot  of  the  mountain  (which  is  here  perpendicular  or  over- 
hanging for  300  ft.  above  the  river),  the  second  triangulation  was  made 
for  the  distance  across  the  river  between  Station  47  +  41  and  this 
point,  a  base  being  laid  out  from  the  centre  line  750  ft.  along  the  foot 
of  the  mountain.  The  error  in  this  distance  was  .02  of  1  ft.  In  the 
third  triangulation,  owing  to  the  position  of  the  point  of  the  7^  curve 
(Station  56  -|-  72.82)  and  the  degree  having  been  first  determined,  it 
was  necessary,  not  only  to  locate  the  tunnel  tangent  at  the  assumed 
angle  (which  had  been  found  to  be  approximately  17'^),  but  also  at  the 
calculated  distance  from  the  P.  C.  From  this  data  the  tangent  of 
curve  was  calculated,  and  together  with  distance  across  river  to 
Station  47  +  41,  as  found  by  the  second  triangulation,  was  taken  as  a 
base  line,  which,  in  conjunction  with  the  intersection  angle  and  an 
observed  angle  at  Station  47  +  41,  was  used  to  determine  a  second  base 
line  and  an  angle  by  means  of  which  to  prolong  the  tunnel  tangent 
eastward.  The  error  of  alignment  where  the  lines  met  in  the  headings 
of  the  tunnel  was  ^  in.,  and  the  intersection  afterwards  found  to  be 
exactly  17"^. 

The  fourth  triangulation  was  made  necessary  by  the  steep  slopes  and 
roughness  of  the  ground  over  the  tunnel,  which  did  not  allow  of 
accurate  measurements.  The  tangent  distance  of  the  7°  curve  (as 
assumed  in  the  third  triangulation)  was  taken  as  a  base,  from  which 
angles  and  distances  were  carefully  measured  around  the  foot  of  the 
mountain  to  a  point  on  the  center  line  on  the  east  side.     The  distance 
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measured  througli  the  tunnel  afterwards  was  0.2  of  a  foot  less  than 
that  calculated. 

In  the  fifth  triangulation,  it  was  desired  to  obtain  the  angle  of  inter- 
section which  the  tangent  to  the  reverse  curve  of  the  valley  connection 
made  with  the  bridge  tangent,  the  point  of  intersection  being  in  the 
river.  This  was  done  by  taking  from  each  end  of  a  base  line,  between 
Station  47  +  41  and  a  point  on  the  Valley  Branch,  angles  to  the  bridge 
tangent  and  to  the  Valley  Branch.  By  the  sixth  triangulation,  the 
distance  from  the  point  of  intersection  of  the  bridge  tangent  and  the 
Valley  connection  to  an  arbitrary  point  on  the  latter  was  next  found, 
and  from  this  point  stations  on  the  Valley  connection  were  determined 
by  direct  measurements.  There  was  no  error  in  either  of  these  last 
two  triangulations.  It  will  be  observed  that  in  this  work  all  of  the 
triangulations  were  made  assuming  the  first  two  to  be  correct,  and  that 
the  accuracy  of  each  one  was  dejjendent  upon  that  of  a  preceding  one. 

The  work  of  construction  involved  in  making  the  changes  for  the 
Harijer's  Ferry  improvement  was  as  follows  :  From  Island  Park  one- 
half  mile  east  along  the  bluff's  on  the  West  Virginia  side  of  the  river 
there  were  50  000  cu.  yds  of  solid  rock  cutting,  the  cuts  in  some  places 
being  80  ft.  high.  The  rock,  limestone  and  mica  schist,  when  broken 
up  and  hauled  an  average  of  2  600  ft.  to  embankment,  made  nearly 
90  000  cu.  yds.,  an  increase  of  80  per  cent. 

The  river  bridge  consists  of  four  deck  spans  of  85  ft.  6  ins.,  three 
through  spans  of  140  ft. ,  one  deck  span  of  100  ft. ,  and  one  half- 
through  span  of  34  ft. 6  ins.,  making  a  total  length  of  896  ft.  6  ins.  The 
piers  of  the  bridge,  eight  in  number,  are  set  at  an  angle  of  73°  .45' 
with  the  center  line,  and  are  6  x  37  ft.  on  top,  and  from  34  to  36  ft. 
high  above  neat  line,  and  are  located  directly  opposite,  and  on  a  line 
with,  the  piers  of  the  old  bridge,  so  as  to  obstruct  the  water-way  as 
little  as  possible,  and  are  on  a  grade  of  0.3^*^,  the  coping  of  them  being 
level.  They  are  built  of  Gettysburg  granite  and  are  founded  on  solid 
rock.  The  rock,  being  generally  uneven  and  full  of  crevices,  was  jjre- 
pared  by  cutting  away  the  loose  or  decayed  jaortions  of  it  and  then 
leveling  with  concrete,  mixed  in  the  proportion  of  1  part  of  Portland 
cement,  2  parts  of  coarse  sharp  river  sand,  and  5  jaarts  of  broken  stone. 

While  putting  in  the  foundations  the  dejith  of  water  was  about  6 
ft.  In  several  cases  the  Wakefield  sheet  piling  was  used  for  the  coffer- 
dams with  good  results,  both  as  regards  cost  and  efficiency. 
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The  superstructure  is  of  mild  steel,  excejjt  the  eve-bars,  pins  and 
rollers,  which  are  of  medium  steel  ;  and  is  designed  for  a  moving  load 
on  each  track  of  two  125-ton  consolidation  engines,  coupled,  followed 
by  a  train  load  of  4  000  lbs.  per  linear  foot.  Weights  distributed  as 
follows : 


<oOOOOoooo 

<   8'   X  4'  9"   X  4'  6"   X  4'  9"   X   10'   X   5'   X  6'   X   5'   x 

oo  o  o  ooooo 

85         §S  §§§§§    4  000  lbs. 

S  g  -^  5§  8  §         §       S        ^     per". 

<oOOOOooooCZ 

12'  X   8'   X  4'  9"  X  4'  6"   X  4'  9"  X  10'   X   5'   X   6'   X  5'  X  3'  > 

The  through  spans  are  single  intersection  Pratt  trusses,  137  ft.  c  to 
c  of  end  pins,  30  ft.  high,  and  28  ft.  4  ins.  c  to  c  of  trusses.  The  deck 
spans,  of  85  ft.  6  ins.,  arejjlate  girders,  three  to  each  span,  85  ft.  out 
to  out  of  girders,  9  ft.  center  to  center  of  girders,  and  7  ft.  10  ins.  deej). 
The  100-ft.  deck  span  consists  of  three  plate  girders  7  ft.  10  ins.  deep  ; 
9  ft.  center  to  center  of  girders,  and  99  ft.  8  ins.  out  to  out.  All  of  the 
spans  are  for  double  track,  except  the  two  at  the  west  end  of  the 
Tiridge,  which  are  built  for  two  main  line  tracks,  and  the  one  of  the 
Valley  Branch,  which  here  form  a  Y,  the  space  between  the  two 
"branches  being  spanned  by  plate  girders  and  floored  over  for  a  plat- 
form. 

SUBSTEIJCTUEE   OF    BkIDGE. 
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Plate  XLVm  is  a  view  of  the  old  and  new  bridges. 
A  double-track  tunnel  812  ft.  long  begins  103  ft.  from  the  east  end 
of  the  bridge  and  extends  through  the  mountain  sjiur  at  this  point. 


356  sissoisr  on  harper's  ferry  improvement. 

The  size  is  28  ft.  wide  at  tlie  springing  line  10  ft.  6  ins.  above  sub- 
grade  and  semi-circular  arch  of  14  ft.  radius.  The  rocks  are  mica 
schist  with  quartz  seams,  passing  into  micaceous  gneiss,  and  dipping  to 
the  eastward.  The  strata  in  places  is  much  contorted  and  broken.  The 
west  portal  is  at  the  foot  of  a  cliflf  250  ft.  high,  the  approach  cut  here 
being  70  ft.,  and  at  the  end  of  bridge  40  ft.  At  the  east  end  the  portal 
slope  of  the  cut  is  112  ft.  on  the  upper  and  40  ft.  on  the  lower  side. 
The  tunnel  was  driven  with  Ingersoll-Sergeant  drills  worked  by  com- 
pressed air  supplied  by  a  compressor  at  the  east  end  of  the  tunnel, 
pipes  being  laid  around  the  foot  ef  the  mountain  to  supply  the  west 
end  drills.  The  headings  were  8  x  25  ft. ,  the  full  top  section  of  the 
tunnel,  and  were  kept  only  15  ft.  in  advance  of  the  bench,  as  no  tim- 
bering was  necessary.  The  rate  of  progress  for  heading  and  bench  in 
the  east  end  was  18  ft.  or  401  cu.  yds.  per  week,  and  in  the  west  end 
19  ft.,  or  423  cu.  yds. 

From  the  position  of  the  strata  and  the  presence  of  large  cross 
seams  at  both  ends  of  the  tunnel  it  was  considered  necessary  to  line 
80  ft.  of  the  west,  and  45  of  the  east,  end,  both  portals  being  in  the 
open  cuts  about  10  ft.  from  the  ends  of  the  tunnel.  The  arched  por- 
tion was  of  the  same  size  in  the  clear  as  the  remainder,  the  arch  being 
built  of  five  rings  of  bricks,  with  bench  walls  of  first-class  masonry 
2  ft.  thick,  backed  with  rubble  masonry  carried  up  to  a  point  9  ft. 
above  the  spi-inging  line,  the  remainder  of  packing  being  stone  placed  by 
hand.  As  it  was  necessary  to  lay  track  through  the  tunnel,  to  deliver 
bridge  material  at  the  west  end,  before  the  arching  was  completed,  the . 
plan  of  centers  as  shown  was  used.  In  estimating  the  actual  amount 
of  tunnel  excavation,  and  finding  points  within  the  prescribed  sec- 
tion, a  simple  and  accurate  machine  was  used,  as  shown  (Plate  XL VII). 
Its  weight  was  about  90  lbs. ,  and  cost  .^4.  It  was  easily  moved  around 
by  two  men.  Upon  the  side  pieces,  inclined  at  45°,  were  marked 
degi-ees  from  0  to  90,  and  upon  the  lever  or  pointer,  feet  and  tenths 
were  numbered  from  the  toj)  downward.  In  cross-sectioning,  the  foot 
of  the  machine  was  first  set  at  center  and  grade,  and  the  vertical  pieces 
then  plumbed,  bringing  the  center  pin  at  center  on  the  springing  line; 
the  pointer  was  then  run  out  to  any  desired  place,  and  the  distance  on 
the  pointer  to  the  center  pin  and  also  the  angle  on  the  inclined  piece 
noted.  In  this  way  the  measurements  and  angles  taken  above  the 
springing  line  formed  a  series  of  triangles,  which  were  calculated  by 


PLATE  XLVI. 

TRANS.   AM.  SOC,  CIV.  ENQRS. 

VOL.  XXXII,  No.  735. 

SISSON   ONrHARPER'S  FERRY  IMPROVEMENT. 


-    ..9>2 


sissox  ON  harper's  ferry  improvement. 


357 


lO  M  O 

00 

§ 

«  ooo 

o 

^ 

t-t-O 

>o 

<C  lO  -Ji 

to 

o 

lO  t-  o 

c» 

o 

la  C-rH 

o 

^■W  "-I 

CO 

< 
•3 

<» 

■§ 

r^  X  o 

^ 

■< 

(M  es  o 

n 

t» 

■*  00  CJ 

o 

EH 

a 

t-  C5  "O 

r5 

1     a 

.o    . 
.  ■«    . 

2  »•  s 

o 
O 

!<M  ; 

?o2 

;-*  : 

■B 

;«    ; 

£  <  « 

t>» 

'.  •«    '. 

S       H 

14      Fk 

3 

o 

O 

^ 

a 

'.  '^     I 

o 

o 

•  <N      • 

o 

•CO      • 

ts 

3 

'«» 

a 

OQ 

•  n    • 

•g 

13 

.to    . 

>> 

*  c^    . 

3> 

> 

o 

3 

'■  in    '• 

•CO      • 

o 

CD      ■ 

6 

^ 

■  d      • 

•  Cfl      • 

e« 

O 

.t-   . 

«» 

o 

•^  • 

si 

O 
H 

o 

■«» 

00 

.  00     . 
loo     '. 

->! 

H 

^ 

•  Ci      • 

> 

O 

M 

ElI 

«• 

:S  : 

h) 

o 

■  ,^  • 

K 

.lo    : 

is 

^^ 

•  «»  • 

K 

D 

•3  si 

■  CJ     . 

■w  ^  k> 

o 
5 

o-i»    . 

:  •«  r 

So 

.c»    • 

h 

cS 

.-H 

(S 

d      .   m 

fl 

9  "■« 

u 

:° : 

l§ 

|g^ 

•-t            • 

tc5    • 

o  So 

'•ei    I 
•  d    • 

H 

«    !o 

c*    •  o 

•>! 

t-    '  o 

o 

o     ..■* 

O 

lO      .Ci 

«s 

o  :_, 

«S 

«»  ._ 

as 

o 

OD 

CO     •  o 

?i 

^1     .  c^ 

m 

5 

■^  :S 

tJ  :-a 

5 

ill 

a 

3 

O 

11  §■ 

e3 

S  S  a 

1 

1^ 
iz: 


o  c 

O 

(N  Cv 

•^ 

>J 

o 
O 

00  oc 

to 

«» 

«» 

1 

•sp^-no 

00  oc 

i 

o  >= 

lO 

__' 

lO  t- 

i§ 

CO  c 

■*       1 

o 

H 

to? 

00 

O 

toe 

S3 

«» 

«» 

O 

O 

cj  r 

00  ? 

<D 

^ 

Ph 

^      - 

O  u- 

lO 

d  5 

>o  c- 

CJ 

g  2 

^1  1- 

■* 

»c  c 

1=^ 

00 

00 

«^ 

«» 

i 

- 

O 

t 

O  li" 

lO 

la  « 

to  r 

a 

n 

"^ 

o  c 

o 

CO 

So 
P 

"S 

V3  C 

O  C- 

o 
o 

CD 

I-  a 

o      1 

•sp^  no 

to-< 
a-,  c- 

c> 

.H 

~  9 

o 

o 

be 

l§ 

o 

5S 

g 

O 

■^  c- 

s 

o  a 

«^ 

«» 

1 

fl«» 

3  ..:» 
.5  05 

- 

a 

•sp^  -no 

2  = 

00 

lO 

«» 

^ 

o  « 

o 

c  t- 

s 

d 

o 

ic  r^ 

o 

«. 

*0 

S 

3 

J3 

;! 

•spX  -no 

olc 

1 

o  c 
o  « 

g 

"S 

"S 

lO  t- 

c» 

o 
o 

to  c- 

O  CO 

s 

(N  rH 

«» 

«» 

b 

d 

■< 

•spX-no 

23 

la 

% 

a  th 

'd 

SQ 

C9 

1^ 

So 

CO  Ol 

IS 

«» 

lO 

—.  to 

■  "S 

c 
O 

^ 

«» 

gg 

•sp^  "no 

?;s 

2 

b 

'^ 

B 

a 

3 

1 

IS 

^ 

& 

« 

s 

358 


SISSON"   ON   HAEPER'S  FERRY  IMPROVEMENT. 


the  rule,  area  =  product  of  the  two  sides  and  sine  of  included  angle 
divided  by  two. 

In  using  the  machine  merely  for  finding  points  within  the  prescribed 
section,  the  inclined  and  horizontal  side  pieces  were  removed  and  only 
the  pointer  used.  It  will  be  readily  seen  that  the  relative  proportions 
of  the  diiferent  parts  insured  very  accurate  results.  The  disposition 
of  the  tunnel  material  was  made  as  follows :  5  800  cu.  yds.  was  crushed 
into  10  472  cu.  yds.  of  ballast  by  a  Gates'  Crusher  No.  4  at  the  east 
end,  and  by  a  Blake  at  the  west  end;  then  loaded  into  cars  and  shipped 
to  different  parts  of  the  road.  The  remainder,  16482  cu.  yds.,  was  used 
for  the  embankment  east  of  the  tunnel  and  for  raising  the  county  road 
and  the  main-line  tracks  between  Sandy  Hook  and  the  tunnel. 

The  county  road  which  originally,  from  Sandy  Hook  to  the  east  end 
of  Harper's  Ferry  bridge,  ran  parallel  to  the  old  main  line,  and  north 
of  it,  on  the  same  level,  was  raised  36  ft.  at  the  east  end  of  the  tunnel,  to 
make  an  overhead  crossing  of  the  new  line  (as  shown  by  Plate  XL VIII), 
and  also  thrown  up  against  the  mountain  side,  so  as  to  get  a  4:%  grade 
from  this  point  (Station  68)  down  to  Station  77,  where  it  runs  into  the 
old  road;  at  the  same  time,  in  order  to  make  the  work  as  light  as  i30s- 
sible,  it  was  so  located  that  the  foot  of  the  slopes  of  its  embankment 
came  just  15  ft.  from  the  new  center  line  at  the  new  grade.  The  west 
approach  to  this  crossing,  also  on  a  4%"  grade,  was  made  by  gradually 
raising  the  old  road  between  the  old  main  line  and  the  side  of  the 
mountain  2  ft.  at  a  time,  to  keep  travel  going  until  the  proper  height 
was  attained,  when  additional  width,  necessary  to  make  a  20-ft.  road- 
way, was  obtained  by  cutting  into  the  steep  slope  of  the  moimtaiu,  as 
shown  by  Plate  XLYIII.  At  the  west  end  of  the  tunnel  the  county 
road  was  depressed  4  ft.  to  make  an  undergrade  crossing  of  the  new 
line,  for  which  a  clearance  of  12  ft.  was  required. 

Change  of  Xew  County  Road. 


Description  of  Work. 


Excavation  of  solid  rock at  $      75 

Rubble  masonry •'  5  00 

Dry  rubble  wall,  for  fence "  95 

Cement barrel?,  "  85 

Wooden  Howe  Truss  Bridge  50-ft.  span  (in  clear),  ft. 

B.  M "  il  00 

Pounds  iron  "  03J 


Quantities. 


6  700  cu 
433 
560 
400  bbls 


yds. 


12  480  ft.  B.  M. 
623  lbs. 


Total  cost  of  change. 


$4  275  00 

2  165  00 
632  00 
340  00 

686  16 
21  80 


$7  918  95 
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From  Station  73  +  50  to  101,  tlie  alignment  and  grade  of  the  old 
main  line  had  to  be  changed  to  properly  connect  with  the  new  line,  and, 
while  making  the  change,  still  maintain  the  travel.  This  was  done  by 
first  laying  a  third  track  from  Sandy  Hook  west  to  Station  77,  jjarallel 
to  and  south  of  the  main-line  tracks.  Between  these  points  the  former 
east-bound  track  was  used  as  west-bound,  and  the  third  track  used  as 
east-bound  track,  after  having  been  connected  with  the  west  and  east- 
bound  tracks  of  the  main  line  west  of  this  point  (Station  77).  The 
former  west-bound  track,  having  been  ciit  loose,  was  then  raised  to  its 
full  height  to  conform  to  the  new  grade,  which  was  7  ft.  higher  at  Sta- 
tion 73  -f-  50  than  the  old  one.  The  present  west-bou.nd  track  was  also, 
at  the  same  time,  gradually  raised  9  ins.  at  a  time  to  the  final  height; 
this  additional  height  was  run  off  by  means  of  a  heavy  grade  westward, 
which  was  in  favor  of  trains  using  that  track.  When  the  remainder  of 
the  work  was  completed,  the  road  was  operated  by  connecting  and 
distorting  both  tracks  until  the  new  embankment  between  Station 
72  +  50  and  78  ^\as  widened  out  to  its  full  ■nn.dth,  which  here  occu- 
pied both  of  the  old  tracks ;  the  position  of  both  tracks  was  then 
gradually  shifted  until  it  finally  corresponded  to  the  new  alignment, 
as  shown  by  Plate  XL VIII.  Between  Station  74  -|-  50  and  76  -f-  75  a 
ncAV  retaining  wall  was  built  along  the  canal,  to  catch  the  extension 
of  'the  slopes,  caused  by  the  additional  height  of  the  embankment  for 
the  new  main  line. 

The  force  engaged  in  raising  track  was,  1  foreman,  10  men,  for  120 
days,  which,  with  foreman  at  $50  jier  month,  and  men  at  81.15  per  day, 
cost  81  617  69.  The  amount  of  material  itsed  to  make  this  raise  was  about 
5  000  cu.  yds.,  making  the  cost  per  cubic  yard  about  32  cents.  The 
work  was  necessarily  slow  and  expensive,  as  the  track  had  to  be  kept 
in  good  line  and  surface  during  the  raising  of  it.  The  above  cost  does 
not  include  the  widening  of  the  embankment  between  Station  72  +  50 
and  78,  which,  as  stated,  was  done  gradually  afterwards. 

During  the  raising  of  the  main  line,  the  old  county  road  was  also 
gradually  filled,  and  the  travel  maintained  over  it,  and  the  west  a})- 
proach  to  the  overhead  crossing  at  Station  68,  until  the  east  approach 
and  crossing  were  completed  when  the  travel  was  turned  over  all  of 
the  new  road  previous  to  the  completion  of  the  change  in  the  main  line. 

On  the  West  Virginia  side  of  the  river  at  the  junction  of.  the  new 
main  line  and  the  Valley  connection,  the  width  between  the  river  and 
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Slienandoali  Street  was  insufficient  for  suitable  station  grounds,  and 
to  obtain  tlie  proper  width  at  this  point,  the  street  was  changed  as 
shown,  crossing  the  new  valley  connection  under  grade.  The  high  em- 
bankments both  on  the  new  main  line  and  connection  made  necessary 
the  construction  of  an  arch  culvert  (with  5-ft.  bench  walls  and  5-ft. 
radius  of  arch)  leading  from  Shenandoah  Street  to  the  river,  186  ft. 
distant,  to  provide  proper  drainage  for  the  lower  part  of  the  town  in 
case  of  an  overflow  from  the  Shenandoah  River,  which  at  such  a  time 
floods  this  street  further  south  and  then  flows  towards  the  station. 
The  relative  heights  of  the  street  and  old  main  line  were  such,  that,  to 
build  the  arch  under  the  tracks  without  interfering  with  trains,  it  was 
necessary  to  make  the  grade  of  culvert  1  ft.  in  100  ft.,  which  allowed 
the  arch  to  clear  the  bottom  of  the  track  stringers  6  ins.  One  of  the 
floor  beams,  however,  had  to  be  removed,  as  shown  on  the  plan,  and 
temporary  timbers  put  in,  resting  upon  posts  placed  on  each  side  of 
the  arch,  these  timbers  in  turn  supporting  stringers  parallel  and  close 
to  the  regular  iron  track  stringers  which  alternately  broke  joint.  As 
the  arch  was  built  up,  the  stringers  were  blocked  up  above  it  and  such 
posts  as  were  in  the  way  removed.  The  cost,  including  timber,  was 
$75.  The  space  between  the  street  and  the  river  had  in  the  course  of 
many  years  been  filled  with  earth  from  15  to  20  ft.  above  the  solid  rock. 
At  the  point  where  the  culvert  goes  through  the  old  retaining  wall,  a 
bed  of  concrete,  3  ft.  thick,  22  ft.  wide,  and  extending  back  17  ft.  from 
the  old  wall  and  5  ft.  into  it,  was  used;  and  upon  this  3  ft.  6  ins.  of 
rubble  the  full  width  of  the  culvert  was  laid;  the  remainder  of  the 
culvert  was  biiilt  with  ordinary  side  walls  and  paving  between.  The 
river  end  of  the  culvert  was  built  flush  with  the  face  of  the  old  retain- 
ing wall,  which  is  at  an  angle  of  66°  with  the  axis  of  the  culvert,  and 
on  a  batter  of  3 J  ins.  to  1  ft. 
The  cost  is  as  follows: 

Eubble 690  cu.  yds.,  at  $5  00  $3  450  00 

Paving 80  "       "       "     2  00  160  00 

Concrete  75.5"       "       "     4  85  366  17 

Brick 142"       "       "     9  00  1278  00 

Second-class  masonry . .       58"       "       "8  00  464  00 

Cement 800  bbls.,        "     0  85  680  00 

Total  cost  of  culvert $6,398  17 


Cost  per  linear  foot $34  40 
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The  new  Valley  connection  from  Shenandoah  Street,  330  ft.  south, 
is  embankment,  along  part  of  which  a  retaining  wall  was  necessary,  to 
confine  the  slopes  within  the  right-of-way  limits,  the  wall  being  built 
straight  along  the  property  line,  and  stepped  every  10  ft.  6  Ins.,  so  as 
to  properly  retain  the  sloj^es  of  embankment,  the  center  line  of  which 
is  a  19'  curve. 

From  the  end  of  this  embankment,  south  1  150  ft. ,  is  a  double-track 
trestle  of  an  average  height  of  18  ft.  above  pedestals,  or  about  7  ft. 
higher  than  the  old  trestle-work.  At  the  north  end  of  the  trestle 
there  is  a  3*^  54'  curve  for  190  ft.,  comjjounding  then  into  a  7-"  10' 
for  180  ft.,  and  then  a  2-  for  100  ft.,  the  remainder  being  tangent.  In 
some  i^laces  the  old  trestle  was  18  ins.  oflf  of  the  -new  alignment,  the 
change  being  made  as  the  new  trestle  was  built.  In  building  this  a 
temporary  single-track  trestle  was  built  from  Station  1  +  40  to  0  of  the 
Valley  connection,  and  from  there  on  one-half  of  the  permanent  trestle 
was  built  and  used  for  main  track  until  the  other  half  was  raised  (the 
temporary  one  being  then  filled  in).  The  new  bents  were  so  located 
that  none  of  the  old  ones  were  disturbed  until  both  tracks  were  in 
oi^eration.     The  cost  of  the  trestle  was  as  follows : 

Excavation  of  foundation  for  pedestals,  350  cu.  yds., 

at  18  cents ^63  00 

Pedestals  of  rubble  masonry,  248  cu.  yds. ,  at  ^5 1  240  00 

Second-class  (caps)  masonry,  120  cu.  yds.,  at  ^8 960  00 

Lumber,  468  600  ft.    B.  M.,   at  ^31  75 14  878  05 

Iron,  29  910  lbs.  (included  in  price  of  lumber). 

Total  cost !517  141  05 

Cost  per  linear  foot,  §14  90. 
Iron  per  M  of  lumber,  63f  lbs. 

The  60-ft.  half-through  span  at  the  south  end  of  the  trestle  was 
raised  by  removing  (between  trains)  some  of  the  blocking  from  under 
the  new  trestle  (which  had  been  first  carried  across  the  bridge  on 
blocking)  and  jacking  the  whole  span  a  corresponding  distance,  until 
the  final  height  was  attained. 

From  this  end  of  the  trestle,  south  1  800  ft.,  the  tracks  of  the  Valley 
Branch  were  raised,  one  at  a  time,  to  conform  to  the  new  grade,  which 
at  the  trestle  was  5  ft.  9^  ins.  higher,   and  1  800  ft.  further  south  ran 
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into  the  old  grade.  The  force  engaged  in  raising  the  first  track  was 
1  foreman,  10  men,  for  45  days,  which,  at  ^50  per  mouth  for  foreman, 
and  $1.15  for  men  per  day,  cost  $604.  The  amount  of  stone  required 
to  make  this  raise  was  1  935  cu.  yds. ,  making  the  cost  per  cubic  yard 
about  31  cents. 
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THE  MYRTLE  AVENUE   IMPROVEMENT   ON   THE 
BROOKLYN  ELEVATED  RAILROAD. 


By  O.  F.  Nichols,  M.  Am.  Soc.  C.  E. 
Bead  Octobee  3d,  1894. 


WLTR  DISCUSSION. 

"While  heavy  grades  are  quite  as  objectionable  on  elevated  as  on  sur- 
face railways,  the  use  of  double  stations,  as  distinguished  from  island 
or  intertrack  stations,  increases  operating  expenses  more  rapidly  than 
heavy  grades,  and  introduces  a  railway  problem  not  often  found  on 
surface  lines.  These  double  stations  are  frequently  convenient,  some- 
times necessary,  but  always  expensive.  This  last-named  feature  is 
occasionally  overlooked.  Few  realize,  for  example,  that  the  Manhattan 
Bailway  Company  could  jsay  a  dividend  nearly  1%  larger  on  its  stock, 
if  it  could  use  island  stations  over  its  whole  line. 

The  radical  change  of  conditions  already  existing  is  a  serious  mat- 
ter, and  it  is  often  difficult  to  determine  the  amount  of  money,  time 
and  inconvenience  which  may  be  wisely  expended  to  effect  a  change. 
It  is  the  purpose  of  this  paper  to  describe  a  single  attempt  to  imjarove 
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grade  and  stations  on  the  Brooklyn  Elevated  Railroad,  to  enumerate 
the  difficulties  encountered,  to  describe  the  methods  of  overcoming 
them,  and  to  show  that  this  particular  change  was  a  profitable  one  to 
make. 

The  conditions  as  to  grade  and  station  location  were  somewhat 
peculiar  on  the  Myrtle  Avenue  line,  especially  between  Bridge  Street 
and  Grand  Avenue.  The  grade  on  the  surface  of  the  street  reached  4:% 
for  some  distance  east  of  Raymond  Street;  this  necessitated  a  heavy 
■^rade  in  the  elevated  tracks,  if  the  Hudson  Avenue  and  Myrtle  Avenue 
lines  were  to  meet  at  a  common  low  elevation. 

All  the  other  stations  on  this  line  were  island  stations,  excepting 
those  at  City  Hall,  Grand,  Washington  and  Vanderbilt  avenues.  The 
Grand  Avenue  station  formed  a  transfer  for  passengers  between  the 
Myrtle  Avenue  and  Lexington  Avenue  lines  through  a  system  of  over- 
head foot  bridges.  To  change  the  two  next  adjacent  stations  to  island 
stations  would  save  much  money  in  operation,  change  the  transfer  from 
Grand  to  Washington  Avenue  and  make  it  possible  to  simplify  and 
economize  still  further  at  Grand  Aveniie  at  some  later  time  (see  map, 
Plate  XLIX). 

Through  accidental  conditions  the  Washington  Avenue  station  had 
"been  built  after  the  road  was  completed.  It  was  placed  on  a  grade  of 
1.4:%,  and,  with  the  Vanderbilt  Avenue  station,  was  permanently  fixed 
in  position  by  agreement.  Engines  frequently  stalled  in  starting 
heavy  trains  from  the  station  on  this  grade,  and  it  seemed  necessary  to 
change  it  if  possible.  The  long  stretch  (1  700  ft.)  of  2.065^6'  grade  be- 
tween Navy  Street  and  Carlton  Avenue  had  caused  much  trouble  and 
Anxiety.  More  accidents  to  engines  had  occurred  on  this  grade  than 
on  any  other  equivalent  length  of  the  road. 

A  careful  study  of  the  problem,  in  1889,  led  to  the  proposition  to 
change  the  two  stations  and  the  steep  grade,  making  the  grade  line 
follow  the  dotted  line,  as  shown  on  profile  (Plate  L),  and  cross 
Hudson  Avenue  at  a  high  level;  this  j^roposition  seemed  impracticable 
on  many  accounts  at  the  time,  and  the  entire  project  was  abandoned 
to  be  taken  up  again  early  in  1893.  The  travel  then  having  increased 
so  as  to  crowd  the  terminal  station  at  the  Bridge,  it  was  proposed  to 
run  five  car  trains  over  Myrtle  Avenue,  and  to  make  it  easier  to  do 
this  it  was  decided  to  cut  the  heavy  grade  in  two,  lengthways,  lessening 
and  lengthening  the  upper  part  of  it.     The  steep  grade  would  then  be 
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about  the  same  length  as  two  or  three  other  pieces  of  the  same  gradient 
on  other  branches  of  the  road,  and  it  wouhl  then  be  possible  to  place  a. 
station  at  Cumberland  Street. 

Studies  were  made  for  changing  the  grade  below  Carlton  Avenue 
and  above  Washington  Avenue,  for  changing  the  two  stations  to  island 
stations,  and  for  providing  a  new  station  at  Cumberland  Street.  The 
steady  increase  of  travel  in  1892,  and  well  into  1893,  fell  off,  owing  to 
the  financial  dejiression  of  the  early  summer  and  the  advent  of  the  use 
of  electricity  on  the  surface  lines.  Short  riders  were  more  attracted  by 
the  newer  method  of  travel,  and  it  was  decided  to  complete  the  iron 
work  only  for  the  new  station,  leaving  the  balance  of  the  work  on  this 
Cumberland  Street  station  to  be  finished  at  some  later  day. 

The  problem  was  so  complicated  that  it  was  difficult  to  make  a  very 
close  estimate  of  the  cost  of  the  work.  In  the  preliminary  report 
$40  000  was  named  as  the  probable  cost  of  the  entire  improvement. 

The  lowering  of  the  grade  between  bents  68  and  92  was  regarded 
as  the  most  serious  portion  of  the  work,  since  it  must  be  done  without 
interference  with  travel,  and  on  account  of  the  importance  of  doing  it 
in  such  manner  and  with  such  aj^pliances  as  should  command  the  con- 
fidence of  the  i^ublic  without  attracting  too  much  attention.  Any 
failure  in  this  resjsect  might  easily  double  the  cost  of  the  work  from 
loss  of  passengere  alone. 

Plans  and  estimates  for  doing  the  work  were  sought  from  ex- 
perienced bridge  erectors;  nothing,  however,  resulted  in  the  way  of 
plans  more  satisfactory  than  those  already  prepared,  and  no  one 
would  agree  to  undertake  the  execution  of  the  work  on  terms  other 
than  a  percentage  on  its  cost,  which  seemed  too  indefinite  for  accept- 
ance. It  was,  therefore,  decided  to  purchase  the  tools  and  materials 
and  do  the  work  by  day  labor  under  the  sujjervision  of  the  road- 
master,  who  had  had  much  experience  in  changes  of  elevated  railway 
structures,  both  in  New  York  and  Brooklyn. 

The  earlier  plans  proposed  to  cut  a  section  out  of  each  column  a 
little  above  its  base,  splicing  the  two  parts  of  the  column  together 
with  plates  riveted  on  the  sides;  this  avoided  the  awkward  cutting 
of  columns,  about  20  in  number,  on  which  the  "drop  end"  gird- 
ers extended  down  the  side  of  the  column  more  than  2  ft. ;  it  also  re- 
tained the  rigid  connections  between  columns  and  girders,  which  it 
then  seemed  wise  to  rely  upon,  in  part  at  least,  as  a  safeguard  against 
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any  overturning  tendency.  It  was  desirable  to  do  the  work  during  tlie 
months  of  May  and  June,  when  the  weather  would  be  most  favorable, 
and  the  travel  lighter  than  in  the  early  spring  months,  and  it  was  im- 
portant to  finish  the  changes  in  the  main  structure  and  track  system 
before  the  cables  and  wires  of  the  surface  trolley  road  underneath 
were  attached  to  the  structure  and  actually  in  use,  or,  say,  before  the 
middle  of  August. 

Considerable  time  was  lost  in  attempting  to  secure  a  cold  saw  for 
cutting  the  columns.  Two  of  the  saw-makers  took  little,  if  any, 
interest  in  the  jjroblem;  the  makers  of  the  Higley  saw  were  much  in- 
terested and  designed  a  tool  which  promised  to  satify  the  conditions 
fully.  The  saw  was  designed  to  work  by  hand  or  by  electric  power 
on  an  iron  frame  clamped  to  the  side  of  the  column;  the  saw  blade,  12 
ins.  in  diameter,  was  arranged  to  pass  through  the  column,  cutting 
one  channel  completely  off  in  transit.  It  was  estimated  that  the  saw 
would  make  each  cut  in  less  than  half  an  hour.  The  weight  of  the  ma- 
chine was  about  600  lbs. ,  and  its  cost  $500.  The  delay  necessary  to 
make  the  saw  and  the  demonstration  by  actual  test  that  all  the  chan- 
nels actually  cut  could  be  cut  off  by  hand  for  about  the  jirice  of  the 
saw,  led  finally  to  the  abandonment  of  machine  cutting. 

The  saw  was  first  proposed  when  the  cutting  at  the  base  was  con- 
sidered. Only  one-fourth  of  the  cutting  was  required  at  top  of 
columns,  while  the  difficulties  and  delays  in  handling  a  heavy  machine 
would  have  been  increased  by  raising  it  from  the  gi'ound. 

The  ijlan  of  cutting  at  the  top  of  columns  was  developed  partly 
from  the  fact  that  the  work  of  cutting  and  splicing  the  columns 
would  be  done  at  a  disadvantage,  unless  a  system  of  blocking  and 
lowering  could  be  devised  which  would  leave  a  large  free  space  about 
the  base  of  columns. 

The  street  roadway  must  be  kept  clear,  so  as  to  leave  space  for 
vehicles  between  the  blocking  and  the  surface  car  tracks.  This  became 
more  important  when  the  surface  road  commenced  the  relaying  of  its 
tracks  and  the  repavement  of  the  street  about  them  almost  simultane- 
ously with  the  commencement  of  the  work  on  the  structure. 

The  columns  were  firmly  fixed  by  rust  joint  into  heavy  cast-iron 
bases  about  3  ft.  square,  and  these  wei'e  bolted  to  brick  masonry  piers. 
It  was  finally  decided  to  take  advantage  of  the  columns  themselves  to 
steady  the  lowering  apparatus,  and  to  cut  the  columns  off  at  the  top. 
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The  yellow  pine  timber  for  lowering  was  ordered  directly  from  the 
south  from  economical  motives  and  to  secure  good  sound  heart  tim- 
ber, to  resist  the  heavy  unit  stresses  liable  to  come  ui:>on  it.  All  of  the 
vertical  sticks  were  susifcnded  from  the  transverse  girders;  this 
avoided  all  handling  of  these  timbers  during  the  progress  of  the  work. 
The  larger  vertical  timbers  were  secured  to  the  girders  by  built 
T-irons,  bolted  to  the  sticks  and  to  the  girders  to  aid  in  jjre- 
venting  tilting  of  the  girders.  Two  channel  irons,  held  together  by 
four  bolts,  formed  clamps  jDlaced  near  top  and  bottom  of  columns,  to 
steady  the  timbers;  the  middle  bolts  served  as  separators,  and  the  end 
bolts  as  guides.  A  space  was  left  between  the  back  of  column  and  the 
corresponding  bolt,  to  allow  the  column  to  sj^ring  out  f  in.  at  the  top 
when  the  girder  was  lowered  into  the  back  channel  of  the  column; 
this  space  was  filled  by  wooden  wedges  at  other  times. 

Two  60-ton  hydraulic  jacks  were  used,  one  under  each  of  the 
smaller  sticks  at  each  end  of  the  girder.  When  the  larger  timbers 
were  placed  in  position  they  were  left  12  ins.  short  of  reaching  the 
main  blocking.  This  space  was  filled  by  three  carefully  dressed  blocks 
4  ins.  thick,  14  ins.  wide  and  3  ft.  long,  bolted  through  edgeways,  to 
prevent  splitting. 

The  brackets  were  cut  out  between  columns  and  girders,  the  block- 
ing and  vertical  timbers  were  carefully  placed  and  lock  wedges  driven 
under  the  large  timbers,  to  give  a  firm  and  uniform  support.  The  side 
plates  and  angles  forming  caps  of  the  columns  were  then  removed  and 
placed  in  correct  position  for  new  caps,  the  rivet  holes  having  been 
previously  drilled.  The  horizontal  seat  plates  were  cut  out  to  fit  the 
back  channel  which  was  to  be  left  intact;  the  edges  of  the  vertical 
angles  at  ends  of  girders  were  also  cut,  to  make  sure  of  their  entering 
the  channel  freely. 

^Tien  the  sides  of  the  column  cap  were  secured  in  new  position  the 
inside  channel  of  the  column  was  cut  off  with  a  heavy  diamond-jioint 
tool  held  by  one  man  while  another  struck  it  with  a  heavy  hammer; 
the  diamond-point  was  made  of  l^-in.  octagon  steel  about  2  ft. 
long.  Two  men  would  frequently  cut  a  channel  ofi'in  two  hours;  the 
surface  of  the  cut  was  afterwards  dressed  up  with  hand  chisel  and 
hammer. 

The  men  worked  at  top  of  columns  on  a  platform  about  6  ft.  square, 
formed  of  loose  planks,  enclosing  the  columns  resting  on  two  joists 


368  NICHOLS  ON  BROOKLYN  ELEVATED  R.  R.  IMPROVEMENT. 

suspended  by  ropes,  one  from  the  track  timbers  and  the  other  from  a. 
cross-tie  clamped  to  the  girder  over  the  column.  As  soon  as  the  new 
column  cap  was  completed  by  adding  its  top  plate,  blocks  6  x  6  x  18 
ins.  were  piled  on  it  in  pairs  and  wedged  tinder  the  end  of  gii'der,  to 
give  additional  suj^port. 

The  cutting  of  the  columns  was  started  at  the  summit  of  the  grade 
where  it  amounted  to  5  ft.  7i  ins.  When  the  columns  of  three  bents 
had  been  cut,  the  girders  of  these  bents  were  at  once  lowered  4  ins. ;. 
the  columns  were  sprung  out  by  slacking  the  wedges  at  the  back  clamp 
bolt  and  driving  other  wedges  between  the  column  and  the  heavy  tim- 
ber ;  the  girders  at  once  entered  the  channels,  which  from  this  on 
formed  guides  to  steady  and  keep  them  in  place.  The  cutting  was 
extended  until  the  girders  at  the  summit  could  be  lowered  12  ins.  All 
the  ctitting  was  then  completed  and  the  general  lowering  began,  com- 
mencing at  the  easterly  or  upper  end,  care  being  taken  not  to  produce 
grades  exceeding  0.  Q%  and  to  gradually  reduce  the  heavy  grade  on 
the  westerly  end  to  its  new  limits. 

The  lowering  was  done  by  two  gangs  of  six  men  each,  one  on  each 
side  of  the  street  at  each  of  the  columns  ;  the  superintendent  with  one 
gang,  and  the  assistant  with  the  other.  Two  men  handled  the  jack,  two 
the  blocking,  and  the  other  two  adjusted  the  clamps,  which  were 
never  allowed  to  get  too  slack  or  drop  out  of  position. 

The  jacks  had  12  ins.  lift,  and  had  let-off  cocks  by  which  the  lower- 
ing could  be  checked  at  any  point  by  the  slight  movement  of  a  key  in 
the  hand  of  the  foreman  of  the  jack.  They  weighed  300  lbs.  each,  and 
were  easily  carried  from  colvimn  to  column  by  iouv  men,  using  a  hand 
spike  put  through  rope  slings  in  the  handles. 

In  lowering,  the  jacks  were  set  up  to  relieve  the  4-in.  block  ;  this 
was  then  backed  out,  followed  by  a -block  1  in.  thinner,  and  this  in 
turn  backed  out,  followed  by  a  thinner  one  in  the  same  manner.  In 
case  of  accident  to  the  jack  the  vertical  timber  could  not,  therefore, 
drop  more  than  1  in. 

"When  each  girder  had  been  lowered  the  first  12  ins.,  it  became 
necessary,  if  it  was  to  go  lower,  to  saw  off  the  heavy  vertical  timbers. 
The  girders  were  then  blocked  directly  on  the  iron  column,  the  jacks 
slacked  and  the  timber  sawed  off  16  ins.  A  lowering  of  4  ins.  again 
brought  the  blocking  to  the  standard  of  12  ins. 

When  a  4-in.  drop  was  carried  over  the  entire  line,  two  girders,  one 
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at  each  end,  would  generally  reach  their  final  bearing  at  each  trip. 
Such  a  drop  was  once  carried  over  the  line  in  three  and  a  half  hour&, 
and  a  second  drop  completed  the  same  day,  or  the  structure  lowered 
8  ins.  in  one  day,  averaging  about  8  minutes  to  each  column. 

The  first  blocking  was  placed  on  June  1st,  1893. 

The  first  column  was  cut  off  on  June  7th,  1893. 

The  first  lowering  was  done  on  June  13th,  1893. 

The  cutting  was  completed  on  June  22d,  1893. 

The  lowering  was  completed  on  July  1st,  1893. 
The  greatest  weight  obtainable  on  any  column  from  structure  and 
trains  was  156  000  lbs. 

The  amount  of  cutting  at  the  several  bents  was  -as  follows  : 
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While  it  was  practicable  to  do  the  entire  work  with  trains  in  motion 
at  the  regular  sj^eed  of  15  to  20  miles  per  hour,  this  was  not  necessary, 
and  no  lowering  was  actually  done  under  a  moving  train.  General  in- 
structions had  been  given  that  the  work  should  be  so  conducted  as  to 
give  the  api^earance  of  absolute  safety  as  well  as  to  secure  it. 

Green  flags  were  displayed  a  few  hundred  feet  each  side  of  the  crit- 
ical i?oints,  all  trains  were  run  over  the  entire  work  at  reduced  speed, 
and  a  flagman  was  on  duty  to  halt  trains,  though  this  was  seldom 
necessary.  The  hours  of  most  frequent  trains  were  utilized  in  prepa- 
rations, and  the  lowering  generally  took  jjlace  between  10  a.  m.  and  5 
p.  M.,  when  the  travel  was  lightest.  Even  at  this  time  trains  crossed  a 
given  girder  at  average  intervals  of  about  one  and  a  half  minutes. 

The  actual  shortening  in  the  length  of  the  grade  due  to  lowering 
was  calculated  to  be  about  three-fourths  of  an  inch.     It  was  supposed 
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that  the  single  bolts  connecting  the  longittidinal  girders  to  the  trans- 
verse girders  might  be  sheared  oflf  by  compression.  This  did  not 
occur,  however  ;  the  shortening  seemed  to  distribute  itself  uniformly, 
and  to  be  taken  up  by  the  slotted  holes  at  one  end  of  each  span. 
The  rails  had  been  quite  tight  on  the  grade  and  closed  together  at 
the  summit,  with  a  tendency  to  spread  ;  about  2  ins.  was  cut  out  at 
the  joints  at  this  point,  which,  with  the  shortening,  expansion  and 
movement  of  the  rails  under  traffic,  was  quickly  taken  up. 

When  the  entire  lowering  was  completed  the  girders  were  securely 
riveted  to  the  long  channel  of  columns,  left  in  place,  giving  a  rigid 
connection  of  girders  to  columns.  When  this  channel  extended  above 
the  top  of  girder,  as  it  did  in  several  cases  at  the  old  summit,  the 
excess  in  length  was  cut  ofi'. 

The  entire  force  of  men  employed  in  the  work  of  lowering  and 
prej)arations  therefor  consisted  of  30  men,  classified  as  follows: 


Carpenters 2 

Drillers 6 


Kiveters  (four  gangs) ....  8 
Trackmen,  Helpers,  etc. . .  14 


When  the  lowering  of  the  structure  was  fully  completed  the  10 
girders  above  Washington  Avenue  station  were  raised,  and  wrought- 
ii'on  jjlates  or  cast-iron  blocks  were  placed  on  the  columns  under  the 
girders  as  required,  the  maximum  amount  of  blocking  being  7^  ins. 
The  grade  was  thus  increased  between  Grand  Avenue  and  Washington 
Avenue  station  from  1.4  to  l.bb%,  increasing  the  headroom  for  the 
station  foot  bridge  and  permitting  engines  going  west  to  stop  and  start 
on  a  grade  of  about  1  per  cent. 

The  original  intention  to  retain  a  third  track  between  Cumberland 
Street  and  Waverly  Avenue  had  left  the  transverse  girders  at  Vander- 
bilt  Avenue  strong  enough  to  carry  the  island  station;  it  was,  how- 
ever, necessary  to  reinforce  the  corresponding  girders  at  Washington 
Avenue  and  Cumberland  Street.  This  reinforcement  was  effected  by 
placing  a  subgirder  under  the  old  transverse  girder,  the  adjacent 
flanges  being  riveted  together.  The  new  grade  line  as  established 
gave  about  the  same  headroom  at  the  other  two  stations  as  at  Vander- 
bilt  Avenue.  All  of  the  track  girders  required  special  treatment,  to 
give  room  for  foot-bridge  approaches  to  the  island  stations.  The  old 
track  girders  must  be  removed  and  replaced  by  new  ones,  which  must 
be  so  designed  as  to  utilize  every  inch  of  headroom  available.     The 
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peculiar  construction  of  the  through- sjjan  gii'ders  made  it  possible  to 
arrange  the  foot  bridges  so  that  the  distance  between  the  under  side  of" 
canopy  over  bridges  and  base  of  rail  is  about  1^  ins.  at  the  center. 

The  reinforcing  girders  were  placed  in  position  and  then  the 
through-si^an  girders  were  erected,  and  those  on  the  inside  braced  by 
the  frames  placed  between  them  for  that  purpose  and  to  sustain  a  por- 
tion of  the  station  floors  and  stairways.  These  frames  carried  a  tem- 
porary platform  on  which  the  floor  beams  and  track  stringers  were 
placed  and  from  which  they  were  erected. 

The  old  track  girders  were  to  be  removed,  a  single  span  at  a  time, 
and  the  floor  systems  of  the  new  spans  placed  between  the  hours  of 
midnight  and  five  o'clock  in  the  morning,  when  trains  were  running  at 
long  intervals,  only  one  train  passing  in  either  direction  every  15  min- 
utes. Sunday  morning  was  generally  selected  for  this  work.  The  long 
interval  between  trains  could  then  be  extended  until  7  or  8  o'clock  in 
the  morning,  leaving  about  seven  hours  for  the  work,  during  which 
time  all  trains  were  run  on  single  track  in  both  directions,  crossing 
over  in  Grand  Avenue  just  above  Myrtle.  To  complete  the  work  in 
this  way  with  a  single  gang  of  men  would  require  six  weeks  for  track 
work  alone.  Two  gangs  were  organized  with  duplicate  tools,  and 
after  the  men  had  become  experienced  in  the  work,  a  span  was  also 
changed  in  the  middle  of  the  week,  an  interval  being  allowed  for  the 
men,  who  were  generally  employed  during  the  day  on  other  work,  to 
rest. 

The  old  track  system  having  been  removed  with  the  lateral  bracing 
and  fastenings  of  the  track  girders,  they  were  lowered  to  the  street  by 
the  use  of  two  gin  poles  resting  on  the  ground  and  lashed  to  the  trans- 
verse girders;  these  same  poles  had  been  used  in  raising  the  through- 
span  girders.  The  falls  were  operated  by  hand  winches  on  the  street. 
The  heaviest  through-span  girder  weighed  14  000  lbs. 

The  old  track  system  and  girders  once  out  of  the  way,  the  floor 
beams  and  stringers  of  the  through  sj^an  were  lowered  into  position  by 
hand-falls  from  a  small  ^4  frame  resting  on  the  girders.  When  these 
members  were  secured,  the  new  ties  and  rails  were  laid  in  place  and 
connected  up.  This  work  of  changing  the  entire  track  system  and 
supports  on  spans  about  60  ft.  long  in  from  six  to  seven  hours  was 
probably  the  most  trying  and  expeditious  of  all  the  work  done  on  the 
improvement.    Only  8  or  10  men  could  be  used  to  advantage,  and  they 
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had  to  be  riggers,  fitters,  riveters,  carpenters  and  track-layers,  all  at- 
one time. 

Eighteen  other  girders  for  new  platforms  weighing  about  7  000  lbs. 
each  were  placed  in  position.  These  girders  were  old  track  girders  from 
another  portion  of  the  road;  the  old  platform  girders  being  too  light 
for  the  work,  these  girders  were  braced  with  new  material.  Thirty- 
two  of  the  old  platform  girders,  each  weighing  about  4  000  lbs. ,  and 
the  eighteen  girders  for  new  platforms  were  all  handled  with  greater 
ease  by  the  use  of  a  short  boomed  derrick,  working  from  the  center  over 
the  side  of  a  flat  car  on  which  it  had  been  erected.  All  of  the  heavy 
material  was  delivered  on  the  street  and  carted  from  and  to  this 
l^osition  on  heavy  trucks,  the  new  material  arriving  by  lighter  at  a 
dock  about  one  mile  from  the  work,  and  the  old  material  going  to  the 
company's  yard  about  five  miles  distant.  Most  of  the  handling  and 
carting  of  this  material  had  to  be  done  at  night  when  the  street  and 
railways  were  not  so  busy.  This  increased  the  expense  and  retarded  ■ 
the  work. 

The  two  old  station  buildings  at  Washington  Avenue  were  used  for 
the  new  stations,  one  at  Washington  Avenue  and  one  at  Vanderbilt 
Avenue,  the  two  old  buildings  at  Vanderbilt  Avenue  being  abandoned 
and  torn  down. 

The  station  buildings  to  be  moved  were  raised  up  from  their  floors, 
slid  over  on  rail  skids  to  a  heavy  flat  car  moved  by  locomotive  to  the 
new  positions,  where  the  buildings  were  slid  over  into  place  and 
dropi^ed  down  on  the  new  floors  previously  i>i-epared  to  receive 
them.  The  buildings  had  angle  iron  frames  with  corrugated  iron 
sides  and  tin  roofs  laid  on  spruce  boards;  the  inside  was  ceiled  through 
out  with  yellow  pine  i  in.  thick.  As  moved,  the  buildings  weighed 
about  15  tons.  The  ticket  offices  and  closets  were  removed  and  the 
doors  and  windows  left  in  place.  Light  needle  beams  formed  a  frame 
on  which  the  buildings  rested  in  moving,  while  the  raising,  lowering 
and  sliding  were  done  with  10-ton  hydraulic  jacks  acting  against 
8  X  10-in.  sticks  bolted  across  the  ends  of  the  building  about  3  ft.  above 
the  floor.  The  car  used  for  transj^ortation  was  built  for  surface  roads, 
and  the  heavy  load  set  the  body  hard  down  on  the  side  bearings.  It 
passed  easily  around  the  curve  at  Clinton  Avenue,  and  no  trouble  was 
anticiiiated  at  any  other  jjoint. 

Provision  was  made  to  accommodate  passengers  at  the  stations  dur- 
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ing  the  changes  ;  no  station  was  absolutely  closed  to  business  except- 
ing during  the  hours  from  midnight  to  six  o'clock  A.  m.  of  the  two 
nights  when  the  buildings  were  being  moved. 

The  work  of  changing  the  stations  moved  slowly,  of  necessity ;  the 
station  girders  were  not  j)laced  iintil  the  re-enforcing  girders,  ten  in 
number,  were  completed.  The  buildings  could  not  be  moved  until  all 
the  girders  were  ready,  and  much  of  the  carpenter  work  and  sheet  metal 
work  and  all  the  plumbing  and  painting  was  dependent  on  progress 
made  with  work  preceding.  Injunctions  were  obtained  in  two  instances, 
but  no  serious  delay  in  the  opening  of  the  new  stations  resulted  in 
either  case.  Washington  Aveniie  station  was  finally  ojjened  as  an  island 
station  on  October  17th,  and  Vanderbilt  Avenue  station  on  November 
1st,  1893. 


Items. 


Enginering  and  supervision 

Timber  for  false  work 

Tools  and  other  appllaoces 

New  iron  work  left  in  structure. . 

Cartage  and  transportation 

Moviug  electric  wires,  etc 

Labor  account 

Personal  injuries 

•Changes  in  station  building  and  stairs  : 

Iron  work 

Carpenter  work 

Roofing  and  sheet  metal  work. ..., 

Plumbing 

Painting 

Total  work  completed 

.Estimated  cost  of  completing   Cumberland 
Street  station  : 

Erection  of  stairways,  etc 

Carpenter  work 

Sheet  metal  work 

Plumbing 

Painting 

Heating  apparatus 

Grand  total 


Total 
expenditure. 


$1  705  06 

1  025  25 ) 

2  326  17  i 
11  051  20 

1  027  87 

508  35 

10  011  79 

3  50 


5  515  58 

4  517  54 

1  465  11 

272  39 

666  93 


$40  126  74 


600  00 
3  000  00 
900  00 
300  00 
400  (10 
200  00 


Lowering  struct- 
ure. Bents  6S 
to  92. 


$560  00 

2  354  13 

193  70 

138  37 

200  00 

2  545  22 

1  00 


$5  992  42 


Changing  stations 
and  changing 
grade  east  of 
Wash  ing  ton 
Avenue. 


$1  145  06 

997  29 

10  857  50 

889  50 

3U8  35 

7  466  57 

2  50 


12  467  55 


$34  134  32 


$45  526  74 


$5  992  42 


$39  534  32 


New  station  buildings  would  have  been  more  commodious  and  orna- 
mental than  the  old  ones  ;  about  ^3  000  was  saved,  however,  by  the  use 
of  the  old  buildings,  which,  with  extensions  and  other  changes  made, 
satisfy  all  the  ordinary  requirements.     The  canopy  posts  from  the  old 
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station  ijlatforms  were  again  used,  the  canopy  trusses  and  roofs  being- 
new. 

Only  one  accident  occuri'ed  on  the  entire  imi^rovement ;  a  man  fell 
in  securing  one  of  the  re-enforcing  girders  at  Cumberland  Street  and 
was  slightly  injured. 

Great  credit  is  due  to  the  workmen  emjiloyed  for  skill  and  zeal  dis- 
played. The  roadmaster  deserves  special  commendation;  he  was  almost 
continuously  on  the  work  in  its  serious  stages  ;  his  familiarity  with  the 
movement  of  trains  and  handling  of  men  and  material  was  intimate  and 
thorough,  and  he  devised  many  expedients  of  great  service  in  avoiding 
delay  and  expediting  the  work. 

The  cost  of  the  entire  improvement  was  as  shown  in  table  on  isage  373. 

No  allowance  whatever  has  been  made  for  tools  and  material  left 
over  from  the  work,   which  will  be  valuable  for  other  work. 

The  following  figures  have  been  made  in  the  endeavor  to  ascertain 
the  value  of  the  improvement  to  the  road.  Aside  from  the  semi-senti- 
mental betterments,  that  no  uncertainty  can  now  arise  as  to  which 
stairs  to  take  for  up  or  down  trains,  and  that  passengers  are  often 
spared  the  necessity  of  crossing  crowded  or  muddy  streets,  aside  from 
all  this,  what  has  been  saved  '? 

The  direct  saving  from  the  change  to  island  stations  may  be  jilaced 
as  follows  for  the  two  stations  : 

Services  of  four  station  agents,  for  two  stations, 

at  ^1.75 $7  00  per  day 

Heating  and  lighting,  two  stations,  at  50  cents   .     1  00         " 

Total  saving  per  annum,  $2  920,  at .f  8  00 

The  annual  interest  at  5%  on  the  cost  of  the  work  to  date  is 
S2  006  34,  that  is,  the  saving  at  stations  alone  would  have  paid  the  in- 
terest on  the  entire  cost  if  it  had  been  45%"  greater;  or  the  saving 
from  the  change  of  stations  would  have  paid  the  fixed  charges  due  to 
these  changes  and  carried  those  of  the  cost  of  change  of  grade  if  the 
latter  had  cost  four  times  as  much  as  it  did. 

There  must  be  a  positive  economy  in  the  operation  of  trains  due 
to  the  lowering  of  the  grade  ;  it  is,  however,  difficult  to  determine 
its  equivalent  in  dollars  and  cents.  Considering  only  the  jjower 
required  to  lift  the  trains  on  the  two  grades,  we  know  that  where- 
trains  were  formerly  lifted  vertically  14t%  ft.  in  770  ft. ,  they  are  now 
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lifted  the  same  height  in  1  330  ft.  The  mean  of  many  observations 
placed  the  speed  of  ascent  at  15  and  18  miles  per  hour  respectively. 
Formerly  the  trains  were  lifted  in  -i^,hh  minnte,  and  they  are  now 
lifted  in  i^o'inr  minute,  the  horse-power  developed  in  the  two  cases 
being  104.8  and  72.8,  taking  the  weight  of  each  train  at  70  tons,  includ- 
ing engine.  It  was  necessary  to  maintain  32  H.  P.,  or  4A%  greater 
efficiency  in  the  engines  on  the  old  grade  than  on  the  new  one,  to  ac- 
complish the  same  work  of  lifting  the  train  li-A-  ft.,  the  resulting 
gain  being  due  to  the  lengthening  of  the  time  in  which  the  work  is 
done. 

About  400  trains  are  lifted  every  day,  and  the  additional  jjower  was 
maintained  for  every  train.  We  do  not  know  jitst  what  this  class  of 
power  costs  per  unit;  it  probably  is  not  less  than  the  average  cost  of 
the  unit  horse-power  maintained  for  all  the  engines  on  the  road  in 
regular  service,  and  this  average  cost  approximates  to  looo  cent  per 
horse-power.  On  the  assumption  that  this  figure  will  cover  the  cost 
per  horse-power,  the  cost  of  maintaining  the  additional  power  re- 
quired for  the  old  gi-ade  would  be  -^  cent  per  train  and  the  saving 
due  to  the  change  of  grade  will  be  8.008  x  400  x  365  =  81  168  per 
year. 

If,  now,  this  sum  be  added  to  the  saving  from  changing  the  two 
stations,  the  total  saving  will  be  84  088,  and  the  money  would  have 
been  well  invested  had  the  improvement  cost  twice  the  amount 
actually  expended.  It  also  ajjpears  from  these  figures  that  the  change 
of  grade  would  have  been  a  profitable  one  to  make  if  it  had  been  done 
of  itself  at  four  times  its  actual  cost. 

As  to  the  Cumberland  Street  station,  15"^  of  the  business  done  at 
Vanderbilt  Avenue  station  will  meet  the  fixed  and  operating  charges 
due  to  completing  and  using  the  new  station. 

The  only  serious  objection  to  opening  this  station  at  once  is  the 
expense  and  delay  due  to  making  train  stops.  There  can  be  little 
doubt  that  this  objection  -ndll  soon  be  overcome  by  the  increase  of 
business,  and  that  it  will  be  found  exi3edient  and  jjrofitable  within  a 
reasonable  time  to  complete  the  station  for  use.  Should  this  station, 
when  opened,  be  ordinarily  successful  and  do  two-thirds  only  of  the 
business  done  at  Vanderbilt  Avenue,  it  will,  itself,  earn  125"o  annually 
on  the  cost  of  the  change  of  grade,  and  20%"  on  the  cost  of  the  entire 
improvement. 


376    DISCUSSION  ON  BROOKLYN  ELEVATED  R.   R.   IMPROVEMENT. 

DISCUSSION. 


Emile  Low,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Nichols'  paper 
brings  to  my  mind  an  experience  I  Lad  some  16  years  ago  (1878)  in 
lowering  a  trestle  on  what  was  then  known  as  the  Pittsburg  Southern 
Railroad,  successor  to  the  Pittsburg,  Castle  Shannon  and  Washington 
Railroad,  a  narrow-gauge  line  between  Pittsburg  and  "Washington,  Pa. 
A  i^ortion  of  this  railroad  now  forms  part  of  the  Wheeling  Division 
of  the  Baltimore  and  Ohio  Railroad.  The  trestle  in  question  was 
situated  about  1  mile  south  of  Thomas  Station,  and  on  a  descending 
grade,  going  south,  of  132  ft.  to  the  mile. 

PITTSbUfiG  SOUTHERN   R.R.  PLAN  SHOWING  MLTHOD  OF  LOWERING  HAMILTON  TRESTLE  ^. 
3'o" 


CROSSSECTION 


?   1    ?  ?  1   ?   ?  7  ?  ?  '.°'  SIDE  ELEVATION 


NORTH^ 


The  standard  trestles  of  the  Pittsburg  Southern  Railroad  were 
built  to  the  following  general  dimensions  :  Sjjan,  center  to  center  of 
bent,  20  ft. ;  plumb  and  batter  posts,  10  x  10  ins. ,  the  batter  of  the 
latter  being  4  ins.  to  the  foot;  stringers,  10  X  12  ins.,  strengthened  by 
long  corbels  and  knee  l)race8.  The  foundations  were  usually  mud 
blocks  or  sills,  resting  u])on  broken  stone. 

The  i>roi>er  elevation  of  tlie  mud  Idocks  was  indicated  by  suitable 
stakes  driven  in  the  ground  at  each  end  of  the  sill,  the  toji  of  the  stakes 
corresponding  to  the  bottom  of  the  sill.  In  setting  the  stakes  for  this 
particular  trestle,  through  the  inadvertence  of  one  of  the  assistant 
engineers,  tlie  stakes  for  bent  No.  7  were  driven,  and  their  tojjs  left 
1  ft.  too  high. 
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The  foreman  in  charge  of  the  carpenter  force  erecting  this  trestle 
began  at  bent  No.  9,  which  was  properly  erected,  as  was  also  bent  No. 
8.  When  bent  No.  7  was  set  up,  of  course  it  was  too  high.  Bent  No. 
6  came  next,  and  was  again  correct.  The  foreman,  without  consulta- 
tion, and  on  his  own  responsibility,  raised  bent  No.  6  to  come  in  sur- 
face with  bents  Nos.  7  and  9,  and  then  raised  bent  No.  8  to  suit. 

It  may  be  remarked  here  that  none  of  the  engineering  force  of  the 
railroad  were  on  the  ground  during  the  erection  of  this  trestle,  or 
this  would  never  have  occurred.  Bents  Nos.  5,  4,  3,  2  and  1  were  raised 
in  order,  and  of  course  did  not  line  on  account  of  the  new  order  of 
things.  Nothing  daunted,  the  foreman  raised  these  last  ones,  being 
possibly  two  or  more  feet  too  high  at  the  north  end. 

Proper  stakes  were  driven  at  each  bent,  and  why  the  foreman  did 
not  notice  that  by  lowering  bent  No.  7  everything  would  have  come  all 
right  baffles  explanation.  The  consequence  was  that  the  whole  trestle 
was  cocked  up  on  a  row  of  blocks,  some  2  or  3  ft.  high. 

The  erection  of  the  trestle  only  occupied  a  few  days,  and  its  peculiar 
ari-angement  was  noticed  by  me  on  a  trip  over  the  line  a  few  days  after 
its  completion.  The  carpenter  force  had  been  disbanded.  It  was  my 
desire  to  put  the  trestle  where  it  properly  belonged,  and  this  work  I 
accomplished  as  follows  :  The  only  force  I  was  able  to  command  was 
an  Englishman,  named  Burton,  and  his  two  sons,  the  owners  of  a 
few  horses  and  carts,  which  had  been  engaged  on  the  work  of  grading 
of  the  same  road. 

My  first  instructions  were  to  obtain  from  a  neighboring  saw  mill 
a  supply  of  1-iu.  boards,  which  were  sawed  in  lengths  varying  from 
2  to  •4  ft.  Fortunately  none  of  the  elevation  stakes  set  for  the  bottom 
of  the  sills  had  been  moved.  These  were  duly  pointed  out  to  my 
man,  and  their  purpose  fully  explained. 

Then  I  further  instructed  him  to  take  out  one  by  one  the  mud 
blocks,  lower  each  to  its  proper  level  on  the  broken-stone  foundation, 
and  then  carefully  fill  up  the  intervening  space  with  the  1-in.  boards, 
using  the  longer  ones  at  the  bottom,  the  shorter  ones  on  top.  As  soon 
as  one  block  was  properly  fixed,  another  block  was  taken  out,  placed 
in  position,  and  the  space  filled  up  with  1-in.  boards. 

This  procedure  was  followetl  until  every  block  had  been  correctly 
placed,  the  trestle  then  remaining  as  originally  erected,  except  that 
it  was  resting  upon  these  1-in.  boards,  and  these  in  turn  on  top  of  the 
mud  blocks. 

The  most  difficult  part  of  the  work  yet  remained,  and  that  was  the 
removal  of  the  boards  and  the  consequent  lowering  of  the  trestle.  No 
ai^pliances  of  any  kind  were  at  hand,  such  as  jacks,  etc. 

Recourse  had  to  be  had  to  long,  heavy  levers,  cut  from  trees  in 
the  vicinity  of  the  trestle.  With  these  and  blocks  for  fulcrums.  the 
1-iu.  boards  were  gradually  withdrawn,  thus  lowering  each  bent  in 
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turn  1  in.  This  method  was  kept  up  until  the  trestle  rested  upon  its; 
final  foundation,  and  was  true  to  the  original  contemislated  grade.  I 
was  not  present  when  the  work  was  done,  but  it  was  entirely  performed 
by  the  three  men  mentioned,  none  of  whom  were  carpenters,  and  had 
never  been  engaged  in  work  other  than  that  of  grading. 

The  work  was  so  skillfully  executed  that  not  a  joint  was  opened  in 
the  entire  structiire.  Trains  were  running  over  the  trestle  during  the 
whole  time  that  the  work  of  lowering  was  in  progress.  The  work  only 
occui^ied  a  few  days,  and  the  resulting  expense,  I  suppose,  did  not  ex- 
ceed §20  to  §25. 

John  Thomson,  M.  Am.  Soc.  0.  E.  (by  letter). — In  regard  to  the^ 
closing  paragraphs  of  this  paper,  I  do  not  think  that  Mr.  Nichols 
claims  enough  advantage  for  the  work  accomplished.  As  I  under- 
stand it,  however,  the  data  furnished  are  not  sufficient  for  a  proper  com- 
parison. But  from  an  assumption  based  iipon  the  figixres  of  his  iiajDer,. 
I  find  that  the  advantage  measured  in  point  of  time  is  about  20  j^er  cent. 
Thus,  it  is  not  stated  whether  there  has  been  any  diminxition  in  the 
sjieed  of  approach  of  the  new  grade.  If  so,  this  would  be  an  element 
of  advantage  to  the  new.  Neither  do  I  find  the  time  given  for  travers- 
ing the  level  stretch  of  560  ft.  after  the  old  grade  had  been  passed.. 
On  the  assumption  of  a  uniform  rate  of  15  miles  an  hoiir,  however,  and 
taking  0.583  minute  for  the  old  grade  with  a  distance  of  770  ft.,  and 
of  0.839  minute  for  the  new  grade  with  1  330  ft.,  this  would  make  the 
time  for  the  difference  in  distance  0.424  minute,  or  1.007  minutes  for 
the  entii'e   distance.       Hence,    1.007  —  0.839    gives  0.168   minute,    or 

.168 

-^^  =  20j!^  advantage  in  time.     And  this  is,  by  the  way,  a  proof  of 

the  train  speeds  quoted,  namely,  15  miles  an  hour  for  the  old  grade  and 
18  miles  an  hour  for  the  new;  that  is  an  advantage  in  speed,  on  grades, 
of  20  per  cent. 

Of  course,  my  only  object  in  this  is  to  bring  out  the  additional  data, 
which  evidently  are  necessary  to  give  a  more  satisfactory  sohition  ;  be- 
cause, judging  the  moving  of  these  trains  as  if  they  were,  say,  the 
sliding  block  in  a  cam,  then  I  am  quite  of  the  opinion  that  there  Avould 
be  a  greater  actual  advantage  than  is  claimed  by  Mr.  Nichols.  And  I 
may  suggest  that  the  exjjression  of  raising  the  train  through  the  height 
of  14.4  ft.  is  somewhat  misleading  unless  closely  associated  with  the 
two  elements,  time  and  linear  space;  because,  if  it  were  simply  a  ques- 
tion of  vertical  height  and  time,  then  the  work,  in  foot-pounds,  neces- 
sary to  elevate  the  trains  vertically  could  probably  be  otherwise  accom- 
plished at  less  expenditure  than  by  running  the  trains  over  a  linear 
distance  of  700  to  1  300  ft. 

Were  any  indicator  tests  made  of  the  engines  while  traversing  these 
grades  before  and  after?  Would  not  this  have  told  the  story  pretty 
effectively  in  terms  of  coal  consumi^tion  ? 
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E.  E.  KussELii  Tkatsian,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — 
"While  tlie  i^aper  by  Mr.  Nichols  is  interesting  and  instructive  in  its 
record  of  the  design  and  carrying  out  of  an  engineering  work,  it  seems 
to  me  that  its  chief  value  lies  in  the  references  and  calculations  made  as 
to  the  economic  side  of  the  questions  involved.  We  see  constantly  in 
Society  transactions  and  technical  j^apers  the  descriptions  of  works 
designed  and  constructed,  but  it  is  rarely  that  the  writers  present  or 
discuss  the  economic  points.  "While  it  would  not  be  fair  to  assume 
that  they  have  ignored  this  side  of  the  subject,  it  seems  certain  that 
railway  economics  and  engineering  economics  (not  economies)  are  not 
studied  as  they  should  be. 

Taking  this  question  of  the  stations  of  elevated  railways,  it  is  not 
likely  that  the  economics  of  station  arrangements  were  gone  into  in  the 
original  laying  out  of  these  roads,  or,  with  such  results  as  those  given 
by  Mr.  Nichols,  it  would  probably  have  been  decided  to  build  more 
stations  on  the  island  plan,  though,  of  course,  local  conditions  jare- 
vent  the  adoption  of  any  one  standard  throughout.  The  Chicago  and 
South  Side  Railway,  which  owns  its  right  of  way  through  the  blocks, 
has  its  stations  under  the  structure,  on  the  street  level,  so  that  only 
one  ticket  agent  and  ticket  chopjier  are  required,  while  at  the  same 
time  a  separate  platform  is  retained  for  each  track.  It  is  also  worthy 
of  note  that  the  New  York  elevated  roads  have  one  station  in  a  build- 
ing on  the  street — ^the  ticket  offices,  etc.,  of  the  Fulton  Street  station 
being  on  the  second  floor  of  the  United  States  Hotel  building,  from 
which  there  are  passages  and  stairways  to  an  island  jjlatform.  The 
substitution  of  turnstiles  for  ticket  chopjjers  is  another  question  in 
the  economics  of  operation. 

The  i^aper  also  brings  out  the  fact  that  many  comparatively  small 
works  involve  much  study  and  many  difficulties.  Thus,  while  the 
change  of  grade  was  in  itself  no  great  work,  yet  the  carrying  out  of  a 
complicated  series  of  operations  so  as  to  avoid  interference  with  the 
heavy  traffic  made  it  necessary  to  foresee  and  provide  against  many  pos- 
sible troiibles,  and  especially  made  it  necessary  to  have  a  well-organ- 
ized gang.  As  shown  by  the  paper,  only  a  limited  number  of  men 
could  be  worked,  and  they  had  to  be  able  and  ready  to  turn  their  hands 
to  all  sorts  of  work;  while,  during  the  operation  of  lowering,  it  was  neces- 
sary that  each  man  should  know  his  particular  duty  and  do  it  at  the 
proper  time.  Upon  the  organization  and  handling  of  gangs  for  diffi- 
cult work  depends  much  of  the  engineer's  success,  and  it  should  not 
be  forgotten  that  to  such  gangs  belongs  a  good  share  of  the  credit  for 
the  execution  of  many  of  our  imjjortant  works. 

J.  J.  R.  Cboes,  M.  Am.  Soc.  C.  E. — The  author's  description  of  the 
methods  employed  in  the  carrying  out  of  the  work  of  construction  is 
exceedingly  interesting  and  very  valuable  for  reference.  The  difficult 
work  of  lowering  a  long  section  of  elevated  railroad  track  without  inter- 
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fering  with  the  j^assage  of  trains  is  so  clearly  and  fully  described  that 
there  does  not  appear  to  be  any  comment  necessary,  and  criticism  of 
the  methods  cannot  well  be  made  by  any  one  without  knowledge  of  the 
circumstances  attending  the  work.  So  far  as  can  be  judged  from  the 
paper,  the  work  seems  to  have  been  executed  with  good  judgment 
throughout.  The  advantages  to  be  gained  by  having  intertrack 
stations  on  a  line  of  city  transit  are  not  overstated  by  the  author, 
provided  the  circumstances  are  such  as  to  permit  of  their  being  used  to 
advantage,  and  with  increase  of  travel  the  advantages  of  intertrack 
stations  are  greatly  increased.  This  is  chiefly  due  to  the  less  number 
of  men  necessary  to  be  employed  at  the  stations.  At  stations  where 
the  traffic  in  both  directions  is  very  heavy,  an  intertrack  station  is 
very  much  to  be  preferred  as  affording  ojiportunity  for  the  construc- 
tion of  exit  i^latforms  on  the  outside  of  the  tracks,  enabling  passengers 
to  pass  out  from  the  trains  without  interfering  with  the  incoming  pas- 
sengers. This,  to  be  sure,  has  not  been  taken  advantage  of  in  the 
existing  elevated  railroads  on  New  York  island,  the  intertrack  stations 
of  which  are  provided  only  with  one  platform,  with  the  result  of 
great  confusion  and  interruption  to  both  incoming  and  outgoing  pas- 
sengers. It  is  said  to  be  stated  by  officers  of  the  roads  that  the  objec- 
tion to  the  construction  of  such  outside  exit  platforms  is  that  the 
owners  of  adjoining  property  would  claim  additional  compensation  for 
the  sujiposed  obstruction  to  light  and  air  caused  by  their  erection. 

The  relative  cost  of  intertrack  and  side-track  stations  is  exemplified 
by  the  annual  reports  of  the  various  elevated  railroads  for  the  year 
1891,  as  follows:  Sulnirban  Rapid  Transit  Company,  operating  4  miles 
of  line  with  11  stations,  all  intertrack,  carried  10.74  jjassengers  per 
train-mile,  and  the  cost  of  station  service  for  each  station  was  $2  064. 
The  Kings  County  Elevated,  operating  8.34  miles  of  line  with  24 
stations,  mostly  side  track,  carried  13.71  passengers  per  train-mile, 
and  the  cost  of  station  service  was  S3  921 41  per  station.  The 
Brooklyn  Elevated  Railroad,  operating  17.93  miles  of  line,  carried 
12.27  passengers  per  train-mile,  and  the  cost  of  station  service  was 
$2  537  24  per  station.  The  Manhattan  Railway  ojierating  32.40  miles 
of  line,  with  98  stations,  carried  23.77  passengers  per  train-mile,  and 
the  cost  of  station  service  was  35  909  62  per  station,  all  but  six 
being  side-track  or  double  stations.  Making  every  allowance  for  in- 
creased cost  due  to  additional  travel,  the  maintenance  of  intertrack 
stations  cannot  be  other  than  much  less  than  that  of  side-track  stations. 

But  it  must  be  borne  in  mind  that  intertrack  stations  necessitate  the 
occupation  along  the  whole  line  of  a  much  greater  width  of  right  of 
way,  and  that  they  interfere  very  materially  with  the  possibilities  of 
real  rapid  transit  on  a  long  line,  for  the  carrying  out  of  which  a  third 
track  passing  by  at  least  three-fourths  of  the  stations  without  stop- 
ping is  necessary.     It  is  true  that  in  localities  where  a  large  amount 
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of  long  distance  travel  in  both  directions  simiiltaneonslv  exists,  four 
tracks  are  necessary,  or  an  entire  double  system,  but  where,  as  •  in 
both  New  York  and  Brooklyn,  the  great  bulk  of  the  travel  during 
two  or  three  consecutive  hours  is  in  one  direction,  only  three  tracks 
are  really  needed,  and,  in  any  street  w^hich  is  wide  enough  to  accom- 
modate three  tracks  at  all  and  rapid  transit  is  essential,  it  will 
Ijrove  cheaper  and  better  to  s^jace  the  tracks  for  ordinary  traffic  far 
enough  apart  to  admit  of  the  laying  of  a  third  track  between  them, 
and  to  put  the  stations  outside  of  the  tracks  and  not  between. 

As  regards  the  increased  economy  in  oi3eration  of  trains  due  to  the 
reduction  of  grade,  the  argument  ajij^ears  to  be  more  theoretical  than 
practical  when  applied  to  elevated  railroad  sei-vice  where  the  runs  are 
so  short  between  stations  and  the  speed  of  the  train  must  be  checked 
before  the  effective  capacity  of  the  locomotive  for  a  long  run  has  been 
reached.  That  the  coal  consumiition  of  engines  ascending  the  grade 
would  be  somewhat  reduced  by  the  flattening  of  the  grade,  there  can 
be  no  doubt;  biit  it  is  a  question  whether  that  is  not  balanced  by  the 
increased  consumption  necessary  in  operating  trains  in  the  opposite 
direction.  "^Tiether  the  change  of  grade  has  resulted  in  diminishing 
the  coal  consumption  in  the  locomotives  can  only  be  discovered  by 
comijaring  the  consumjition  of  coal  during  any  six  months  since  the 
change  of  grade  with  the  coal  consumption  on  the  line  during  the 
same  six  months  of  the  year  preceding  the  change  of  grade,  not  with 
the  six  months  immediately  preceding  the  change,  for  the  consumption 
of  coal  by  the  elevated  railroad  locomotives  varies  very  much  with 
the  temperature  of  the  outside  air,  and  the  amount  of  coal  consumed 
per  mile  during  the  different  months  of  the  year  varies  almost  dii'ectly 
as  the  mean  of  the  thermometer  for  those  months.  The  attemjjt  to 
calculate  theoretically  the  amount  of  saving  effected  in  horse-power 
and  in  cents  per  horse-power  without  having  any  actual  figures  of 
results  obtained  by  which  the  computations  can  be  verified,  introduces 
into  this  eminently  practical  and  instructive  paper  a  hyijothetical  ele- 
ment which  might  with  advantage  be  omitted. 

H.  W.  Brinckerhoff,  M.  Am.  Soc.  C.  E. — In  estimating  the  econ- 
omy in  operation,  due  to  the  flattening  of  the  grade  which  the  paper 
describes,  the  author  asserts  that  "  it  was  necessary  to  maintain  32 
H.  P.,  or  4A%  greater  efficiency  in  the  engines  on  the  old  grade  than 
on  the  new  one  to  accomplish  the  same  work."  He  then  assumes 
that  the  cost  per  unit  of  the  horse-power  thus  saved  is  equal  to  "the 
average  cost  of  the  unit  horse-jjower  maintained  for  all  the  engines 
on  the  road  in  regular  service,"  which  he  gives  at  y^^ir  of  a  cent. 

To  take  up  the  last  point  fil'st  ;  in  response  to  an  inquiry  from  the 
writer,  the  author  says :  ' '  The  cost  of  the  unit  horse-power  was  obtained 
by  dividing  the  cost  per  train-mile  by  the  horse-power  developed  per 
mile."     Just  what    "  horse -power  developed  per  mile  "  can  mean,  or 
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why  it  should  be  any  diflerent  from  horse-power  developed  per  inch, 
is  not  at  all  clear,  especially  when  it  is  considered  that  the  cost  per 
train-mile  is,  within  ordinary  limits,  not  materially  affected  by  the  rate 
of  speed,  Avhile  the  horse-power  is  very  closely  proportional  thereto,  so 
that,  by  the  author's  method  of  computation,  the  less  the  si^eed,  the 
naore  it  costs  per  "  unit  horse-power." 

If  we  take  50  cents  as  probably  a  reasonable  figure  of  cost  per  train- 
mile  for  70-ton  trains,  we  will  find  that  for  a  cost  per  "  unit  horse- 
power "  of  rl^o  of  a  cent,  there  must  be ^ =2  000  H.  P.    "  de- 

veloped  per  mile,"  suggestive,  perhaps,  of  50  engines  developing  40 
H.  P.  each,  as  at  an  average  tractive  resistance  of  10  lbs.  per  ton,  a 
70-tou  train  would,  at  20  miles  per  hour,  or  30  ft.  per  second,  require 

nearly  40  horse-power  ( ^^ =  38  H.  P.  j  for  its  propulsion. 

It  is,  however,  hardly  worth  while  to  spend  time  in  conjectures  as 
to  what  such  unusual  expressions  and  computations  may  be  imagined 
to  mean  when  the  fundamental  statement  is  so  obviously  erroneous. 
The  old  grade  did  not  make  it  necessary  to  maintain  32  or  any  other 
horse-jjower  more  or  less  than  the  new  one.  The  horse-power  required 
to  ascend  a  grade  with  a  given  load  depends  just  as  much  on  the  speed 
as  on  the  steepness.  If  made  so  steep  that  the  engine  can  barely  crawl 
up,  it  may  take  much  less  horse-power  to  ascend  a  given  grade  than  if 
made  so  flat  that  practically  full  speed  could  be  maintained,  which, 
according  to  the  author's  mode  of  reasoning,  would  prove  the  economy 
of  heavy  grades.  To  take  the  case  in  j^oint;  if  the  speed  had  not  been 
increased  after  the  grade  was  flattened,  only  60.6  H.  P.  would  have 
been  required  to  surmount  it,  and  a  much  greater  economy  could  have 
been  figured  out,  while,  if  the  speed  had  been  increased  to  26  miles  per 
hour,  the  new  grade  would  have  been  surmounted  in  the  same  time 
that  the  old  one  had  been,  requiring  the  same  horse-power,  and,  con- 
sequently, showing  no  economy  whatever,  and  a  still  higher  speed 
would  show  a  positive  loss. 

This  ought  to  be  enough  to  show  the  fatal  fallacy  of  this  mode  of 
reasoning,  which  seems  to  be  based'  on  the  assumption  that  horse- 
jjower  is,  in  itself,  a  measurable  quantity,  and,  as  such,  can  be  saved, 
with  a  resulting  cash  gain;  whereas,  horse-power  is  merely  a  rate  of 
doing  work,  and  can  no  more  be  saved  or  accumulated  than  a  rate  of 
interest  can  be  deposited  in  a  savings  bank.  It  must  follow,  also,  that, 
as  horse-power  is  not  a  quantity,  it  can  have  no  real  unit,  and  that  all 
calculations  involving  a  "unit  horse-power"  as  something  dififerent 
from  1  H.  P. ,  are  meaningless  and  misleading.  The  only  real  and  val- 
uable quantity  dealt  with  in  the  foregoing  calculations  is  the  train- 
mile.  This  represents  work  done,  and,  if  our  previous  assumptions 
are  correct,  equals  70  x  10  X  5  280  =  3  700  000  ft. -lbs. 
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It  will  be  noted  that  the  correctness  of  oiir  reasoning  is  in  no  way 
dependent  on  the  correctness  of  these  assumptions,  which  are  merely 
used  for  convenience  of  illustration.  Indeed,  while  10  lbs.  j^er  ton  is, 
j)erhaps,  amjjle  for  the  average  resistance  of  a  moving  train,  even  iu- 
cluding  grades,  it  would,  for  elevated  roads,  have  to  be  largely  in- 
creased, jjerhaps  even  doubled,  to  allow  for  the  large  amount  of  energy 
that  is  absorbed  by  the  brakes  in  the  frequent  stops,  and  which  has  to 
be  redeveloped  by  the  engine  in  getting  up  speed  each  time. 

The  work  done  by  the  engine  in  one  ascent  of  the  grade  is  obviously 
70  X  2  000  X  144  =  2  016  000  ft. -lbs.  plus  the  train  resistance  multi- 
jDlied  by  the  length  of  the  grade.  As  the  sum  of  this  latter  quantity 
•plus  the  resistance  on  the  level  track  is  necessarily  a  constant,  and  the 
former  quantity  is  independent  of  the  steepness  of  the  grade,  it  follows 
that,  if  we  leave  out  the  saving  in  repairs  due  to  shortening  the  time  of 
maximum  effort  for  the  engines,  the  actual  economy  effected  by  this 
jjarticular  flattening  of  gi'ade  is  that  due  to  the  shortening  of  three- 
fourths  of  an  inch  in  the  total  length  of  the  line.  As  this  is  eflective 
both    ways,    or    for   800    trains    a    day,    it    would    give    in    a    year 

3  X  800  X  365       _^  ^     .        ..  ,    T      ri        i  i         •  * 
-— —  _  ^^-,  =3i  tram-miles,  or  to  be   liberal,  an  annual  saving  of, 

4  X  12  X  5  280  °      ' 

jjerhaps,  $2. 

G.  Leveeich,  M.  Am.  Soc.  C.  E. — It  would  seem  that  engineers  who 
are  not  locomotive  runners  are  likely  to  be  confused  by  the  trend  of  this 
discussion.  Generally,  there  is  no  difiiculty  going  down  hill ;  it  is 
going  up  hill  that  causes  trouble,  and  yet  one  may  conclude  from 
what  has  been  said  that  the  degree  of  grade  to  be  overcome  is  unim- 
portant, which  is  a  manifest  error. 

On  any  railway  line,  the  maximum  grade  determines  the  hauling 
capacity,  and  consequently  the  weight  and  steam-making  power  of  the 
locomotives  to  be  used,  and  they  will  be  worked  with  the  greatest  econ- 
omy, taking  into  account  the  costs  of  operation  and  repairs,  and  their 
length  of  service,  when  this  grade  most  nearly  corresponds  with  the 
profile  of  the  other  parts  of  the  line.  An  abatement  of  grade  may,  there- 
fore, permit  the  selection  and  use  of  locomotives  more  nearly  adapted 
to  the  general  work  of  the  railroad  than  otherwise  were  possible. 

ViEGiL  G.  BoGUE,  M.  Am.  Soc.  C.  E. — I  would  like  to  ask  Mr. 
Nichols,  if  the  time  referred  to  in  each  case  would  bring  his  train  out 
to  the  same  point?  If  not,  there  must  be  a  certain  expenditure  of 
horse-power  in  going  over  the  level  track,  which,  it  seems  to  me, 
should  be  added  to  the  smaller  sum  total  of  horse-i:)ower  to  get  a 
l^erfect  result.     This  would  reduce  somewhat  the  saving. 

I  think  the  pajjer  is  a  very  complete  one.  The  question  of  repairs 
of  these  stations  has  been  left  out  of  consideration;  I  should  think  that 
the  repairs  of  ^an  island  station  would  be  somewhat  less  than  for  a 
double  station. 
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G.  H.  BiiAKEiiEY,  Jiin.  Am.  Soc.  C.  E. — I  think  that  we  cau,  in  this 
discussion,  refer  with  profit  to  common  exijerience.  Suppose  we  have  a. 
weight  to  raise  to  a  fixed  height  in  a  definite  time,  and  we  are  using  an 
engine  which  can  just  accomplish  it,  if  the  time  of  the  lift  can  be  ex- 
tended twofold,  we  certainly  can  employ  an  engine  of  half  the  power- 
This  is  self-evident.  In  either  case  the  amount  of  work  done  is  the 
same,  as  the  product  of  the  weight  by  the  distance  raised  is  the  same 
for  both  instances,  or,  mathematically  speaking,  the  number  of  foot- 
jjounds  of  work  accomplished  is  identical.  The  horse-power  in  the 
second  instance  is  only  one-half  of  that  employed  in  the  first  case. 
The  horse-power  is  not  a  measure  of  the  amount  of  work ;  it  is  a 
measure  of  the  rate  of  doing  work. 

The  subject  under  discussion  ijresents  a  similar  case.  The  weight 
of  the  trains  and  the  vertical  distance  raised,  remain  the  same.  The 
only  factor  that  is  changed  is  the  time,  which  has  been  increased. 
The  amount  of  work  done  remains  the  same.  The  change  is  in  the  rate 
of  doing  it. 

A  pound  of  coal  represents  a  certain  number  of  heat  units,  a  certain 
number  of  foot-pounds  of  work.  Theoretically,  the  consumption  of 
coal  necessary  to  accomplish  a  certain  definite  amount  of  work  is 
calculable  and  does  not  depend  on  the  rate  of  doing  the  work.  It  re- 
quires about  4  pounds  of  coal  per  hour  to  develop  1  H.  P.  In  the 
instance  under  discussion,  before  the  grade  was  changed,  it  re- 
quired 104.8  H.  P.  acting  iWo  minute  to  lift  the  train  14.4  ft.  The 
coal  consumption  would  then  be: 

104.8  X  583  X  4       .  __  „ 
1000X60       =^-07  lbs. 

In  the  second  instance  the  same  train  is  lifted  the  same  height  in 
■^(hu)  minute,  using  72.8  H.  P.  The  amount  of  coal  consumed  will 
then  be  as  follows  : 

72.8  X  839  X  4        .  .^  „ 

loooxeo-^^-Q^^^^^- 

As  was  to  be  expected  the  coal  consumption  is  the  same  in  either 
case. 

From  the  facts  developed  by  the  discussion  it  seems  quite  evident 
that  under  the  old  condition  the  engines  were  worked  up  to,  if  not  ex- 
ceeding, their  capacity.  The  easement  of  the  grade  reduces  the  energy 
required,  and  should  practically  result  in  a  saving  in  the  amount  of 
the  annual  repairs  to  the  locomotives.  It  is  not  an  easy  matter  to 
determine  how  much  this  saving  is,  but  it  is  certainly  not  inconsiderable 
in  this  case. 

P.  F.  Brendlingek,  M.  Am.  Soc.  C.  E. — Mr.  Nichols  has  given  the 
Society  this  evening  a  rare  treat.  He  has  shown  us  a  practical  illus- 
tration in  detail,  of  performing,  of  what  no  doubt  seemed  to  him,  a 
very  difficult  undertaking,  and  the  problem  no  doubt  caused  him  long 
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liours  of  serions  study.  Yet,  like  many  other  problems,  it  seems  easy 
and  simjile  after  the  work  is  completed. 

The  winding  up  of  the  paper  where  Mr.  Nichols  goes  into  the  theo- 
retical and  determines  the  amount  of  coal  saved  by  the  change  of 
grade  seems  to  my  mind  to  introduce  a  problem  that  can  only  be  solved 
by  actual  trial  on  grades  much  longer  than  the  one  changed.  If,  for 
example,  we  have  a  grade  of  2  ft.  per  100  ft.  for  1  mile,  and  another 
of  1  ft.  per  100  ft.  for  2  miles,  both  grades  on  a  tangent,  we  could  then 
by  trials  demonstrate  practically  whether  the  coal  consumption  on 
one  grade  would  be  greater  than  the  other,  but  in  this  paper  we  have 
the  grades  extending  only  770  and  1  330  ft. ,  hence  the  problem  is  rather 
difficult  to  solve  practically. 

Theoretically  we  have  the  same  amount  of  energy  exx^ended  to  lift 
the  train  whether  the  work  is  performed  in  770  ft.  or  in  1 330  ft. ,  the 
height  to  which  the  load  is  lifted  being  identical  in  both  cases.  The 
ratio  of  work  performed  per  foot  horizontally  on  the  two  grades  being 
as  1 330  is  to  770,  or,  apjjroximately,  73  "^  greater  on  the  heavier  grade 
than  on  the  lighter.  Practically  we  find  the  case  is  somewhat  differ- 
ent as  the  resistance  of  the  train  is  not  double  on  a  2%  grade  what  it 
is  on  a  1  per  cent.  The  resistance  due  to  the  grade  alone  is  always  at 
a  uniform  ratio,  but  to  each  amount  due  to  the  grade  must  always  be 
added  the  constant  due  to  the  horizontal  resistance. 

Thus  while  a  2%  grade  gives  40  lbs.  resistance  per  ton  jjer  foot 
raised,  and  &  1^^  grade  20  lbs.,  yet,  owing  to  the  horizontal  resistance, 
we  have,  on  a  2%  grade,  a  resistance  of  47  lbs.  per  ton  at  a  15-mile 
speed,  and  27  lbs.  per  ton  on  a  1%  grade.  In  calculating  the  resist- 
ances on  the  old  and  new  grades  of  the  Myrtle  Avenue  line,  I  will  take 
the  average  of  both  grades.  I  find  in  one  case  the  elevation  of  14.4 
ft.  is  overcome  in  770  ft.  or  at  the  rate  of  1.87"o  grade  per  100  ft.  In 
the  other  or  new  grade  the  14.4  ft.  overcome  in  1330  ft.  or  I.O8/0 
grade  per  100  ft.  The  resistance  of  the  train  on  the  heavier  grade  at 
a  speed  of  15  miles  per  hour  is  about  45  lbs.  per  ton  and  on  the  lighter 
grade  about  29  lbs.  per  ton,  or  in  other  words  we  have  practically  only 
55 'V  greater  increased  resistance  on  the  1.87"o  grade  than  on  the  new 
grade,  while  as  I  have  shown  above  that  theoretically  we  have  TS% 
more  energy  expended  on  the  heavier  grade  than  on  the  lighter.  Now, 
to  overcome  the  resistance  on  any  grade  requires  engine  pull  which  is 
produced  by  the  consumption  of  coal,  water,  etc.  If  the  coal  con- 
sumption is  uniform  or  constant  for  every  pound  of  train  resistance, 
then  the  consumption  on  the  lighter  grade  for  1 330  ft.  would  be 
greater  than  on  the  heavier  grade  for  770  ft.,  but  to  the  coal  consump- 
tion for  the  heavier  grade  must  be  added  the  consumption  of  coal  due 
to  the  resistance  of  7  lbs.  per  ton  on  the  560  ft.  of  level  grade.  This 
may  bring  the  total  coal  consumption  greater  on  the  old  than  on  the 
new  grade.     As  I  have  before  stated  a  trial  of  considerable  length  of 
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time  on  long  grades,  is  necessary  to  determine  whether  any  coal  is 
saved  on  grades  as  herein  mentioned. 

There  is  no  question  in  my  mind  that  an  immense  saving  in  engine 
■wear,  running  of  trains,  etc.,  results  iu  having  the  grade  changed,  and 
much  heavier  trains  can  be  hauled  over  the  road  if  there  are  no  other 
grades  on  the  road  as  heavy  as  the  one  that  was  changed.  As  to  a 
saving  of  coal  I  leave  that  to  the  actual  practical  demonstration  in  a 
year's  operation  of  the  road. 

W.  E.  Belknap,  Jun.  Am.  Soc.  C.  E.  (by  letter).— The  term  "horse- 
power" expresses  a  rate,  a  number  of  units  of  work  expended  in  a  unit 
of  time,  33  000  lbs.  lifted  1  ft.  per  minute.  To  store  tip  or  save  in  bulk 
a  rate  of  woi'k  is  as  inconceivable  as  to  store  up  and  save  in  bulk  a  rate 
of  interest. 

The  work  expended  in  moving  a  train  in  the  same  direction  between 
any  two  points  on  a  road  is  always  equal  to  the  horizontal  resistance — 
the  frictiou  over  the  horizontal  distance — plus  the  vertical  lift,  a  result 
not  at  all  atiected  by  changes  of  grade  between  these  two  points  so 
long  as  they  retain  their  relation  of  altitude.  How  it  can  be  shown  in 
this  case,  using  the  factors  of  time,  weight,  horizontal  distance  and 
lift,  that  any  work  is  saved  is  difficult  to  see. 

That  there  was  a  small  saA-ing  of  coal  due  to^this  reduction  of  grade 
is  highly  probable.  It  is  a  quantity  whose  determination  depends  on 
a  comparison  of  the  efficiency  of  the  engine  on  the  original  grade  with 
its  efficiency  on  the  new  grade. 

Assuming  that  the  engine  Avas  designed  to  work  at  its  highest  effi- 
ciency under  the  probable  average  load,  then  (taking  the  train  weight 
to  be  always  the  same)  there  must  be  some  one  certain  grade  on  which 
that  load  would  always  obtain,  and  on  any  other  grade  the  load  would 
be  more  or  less  than  this — that  is  to  say,  there  is  only  one  grade  on 
which  the  engine  will  work  at  its  highest  efficiency,  and  this  is  the 
gi-ade  which  was  probably  assumed  by  the  designer  of  the  engine  when 
he  considered  the  question  of  efficiency.  Any  change  in  the  grade  in 
question  bi-inging  it  nearer  this  assumed  grade  obviously  betters  the 
working  conditions  of  the  engine,  gives  it  a  higher  efficiency  for  the 
period  of  time  it  is  on  the  grade  than- it  had  before;  and  since  in  the 
end  the  same  distance  is  traversed,  the  same  altitude  attained,  the 
same  work  done,  there  will  be  a  saving  of  coal  iu  proportion  to  the 
increased  efficiency  on  the  new  grade.  How  much  it  would  actually 
be  in  practice  under  the  ever-varying  conditions  of  wind  pressure, 
number  of  passengers,  speed,  temperature,  etc. ,  would  be  very  difficult 
to  determine  unless  the  old  grade  had  increased  the  load  far  beyond 
the  efficient  working  capacity  of  the  engine. 

O.  F.  Nichols,  M.  Am.  Soc.  C.  E. — The  cost  of  operating  railway 
gi'ades  has  received  much  attention,  without,  however,  developing  re- 
sults  directly   applicable  to  the  example   presented   in   this   paper. 
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Some  of  the  literature  on  the  subject  in  verbose  and  confusing,  often 
speculative  and  sometimes  erroneous.  The  difficulty  of  avoiding  these 
stumbling  blocks  is  apparent  from  the  discussion  in  hand.  It  would 
seem  unwise  to  cumber  the  record  with  explanatory  matter,  and  far  bet- 
ter to  allow  misinterpretation,  and  even  misstatement,  to  go  unques- 
tioned than  to  enter  upon  a  disputation  interesting  only  to  the  disputants. 

The  economy  claimed  for  the  change  in  grade  is  believed  to  be  con- 
servative, if  not  far  within  limits,  and  was  somewhat  cautiously  enun- 
ciated in  the  hope  that  the  author  might  himself  be  instructed  by  those 
more  experienced  and  skilled  in  the  theory  and  practice  of  railway 
construction  and  operation.  In  this  respect  the  discussion  has  fallen 
far  short  of  the  expectation. 

It  is  simply  astounding  to  find  engineers  contending  that  nothing  has 
been  saved  by  this  reduction  of  grade,  that  indeed  one  grade  is  just  as 
economical  as  another,  if  not  a  little  more  so.  This  suggests  the  ques- 
tion, whether  the  trunk  lines  are  not  wasting  millions  of  dollars  in 
simply  lengthening  the  distance  in  which  elevations  are  overcome  on 
their  lines.  After  such  an  exhibition,  one  does  not  so  much  wonder 
that  many  glaring  errors  occur  in  the  use  of  grades,  or  that  railway 
operating  expenses  vary  so  much. 

There  seems  to  be  a  confusion  of  ideas  in  the  minds  of  some  of  the 
contestants  as  to  the  fundamental  principles  of  the  problem  presented. 
That  the  entire  work  in  foot-pounds  exerted  in  raising  the  trains  is  the 
same,  regardless  of  percentage  of  grades,  is  elementary,  if  not  axiomatic. 
As  in  all  similar  problems  in  mechanics,  time  is  quite  as  important  as 
distance  and  weight,  and  is  the  very  bone  and  sinew  of  this  matter. 

Our  friends  fail  to  realize  that  horse-power  has  no  existence  without 
time,  that  it  is  a  measure  of  work  because  it  is  itself  work;  not  merely 
something  evanescent  and  inscrutable,  but  something  tangible  and 
real,  that  may  be  bought  and  sold  by  the  day  or  year,  by  the  inch  or 
mile,  or  by  any  other  standard  which  has  time  as  one  of  its  func- 
tional elements;  that,  if  it  cannot  be  stored  up  or  deposited  in  a  bank, 
it  costs  just  as  much  as  if  it  could,  in  the  daily  and  yearly  barter  and 
sale  of  the  commercial  world. 

In  some  recent  dynamometric  experiments  in  France  the  results 
are  given  in  horse-power  per  ton  of  train  in  ascending  grades  at  vari- 
ous speeds.  They  show,  among  other  things,  that  the  horse-power 
required  varies  very  rapidly  with  the  speed.  Unfortunately  these  ex- 
periments were  made  on  low  grades  at  high  speeds,  otherwise  they 
would  be  valuable  in  this  connection;  as  far  as  they  are  applicable  to 
the  problem,  they  tend,  in  a  general  way,  to  confirm  the  methods  used 
and  the  results  obtained  in  the  paper  under  discussion. 

There  certainly  is  a  decided  economy  in  this  reduction  of  grade,  and 
no  amount  of  obfuscation  can  completely  conceal  it  ;  like  Banquo's 
ghost,  it  will  not  down  ;  it  exists  like  the  kernel  in  the  nut,  and  may  be, 
at  least  approximately,  determined  if  we  have  the  capacity  to  crack  the 
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nut.  It  is  minute,  perhaps,  for  eacli  train,  and  consequently  more  diffi- 
cult to  find  experimentally.  If  we  consider  only  the  saving  in  coal,  and 
assume  the  entire  amount  claimed  as  saved  to  be  esjiended  in  coal,  it 
would  correspond  to  Si  lbs.,  or,  say,  11  cu.  ins.  per  train,  an  amount 
so  small  as  to  be  indeterminate  in  any  experiment  applicable  to  the  case. 

The  difference  in  horse-power  on  the  two  grades  is  merely  a  differ- 
ence in  foot-pounds,  divided  by  time  and  Watt's  arbitrary  constant, 
and  should  not  be  confused  with  engine  performance.  The  engines 
may,  indeed  probably  do,  not  develop  as  much  horse-power  on  the 
high  grade  as  on  the  low,  but  they  are  longer  at  it,  so  that  the  problem 
in  any  form  is  essentially  one  of  time. 

The  first  calculations  for  economy  by  the  reduction  in  grade  were 
based  solely  on  the  saving  of  time  due  to  actual  running  of  trains. 
The  560  ft.  of  level  track  at  the  summit  of  the  old  grade  was  run  at  a. 
speed  not  exceeding  20  miles  an  hour  ;  the  saving  of  time  over  the 
total  distance  of  1  330  ft.  was  then  about  one-tenth  of  a  minute  by  the 
new  grade.  Several  hundred  hours  were  thus  saved  per  year  ;  that  is, 
not  only  do  the  engines  arrive  at  the  summit  of  the  new  grade  in 
better  condition  than  on  the  old  one,  but  they  then  have  considerable 
available  time  to  their  credit.  The  running  time  between  the  two 
adjacent  stations  is  diminished  nearly  enoiigh  to  provide  for  the  dead 
stop  at  one  of  the  stations.  Taking  the  average  speed  at  13  miles  an 
hour  and  the  cost  per  train-mile  of  running  trains  at  its  actual  value, 
26  cents,  there  results  a  saving  of  something  like  ijeOO  for  the  change 
of  grade,  without  considering  the  horse-j^ower  involved. 

This  first  calculation  is  now  given  in  order  that  some  of  its  con- 
stants may  be  used  in  the  consideration  of  one  of  the  suppositious 
illustrations  of  the  discussion.  "Suppose,"  says  one  of  the  con- 
testants, "that  a  speed  of  26  miles  an  hour  is  maintained  (by  some 
abnormal  engine)  on  the  new  grade,  the  horse-power  will  then  be 
equal  on  the  two  grades,  etc.,  etc.;  and  if  the  speed  be  increased 
above  26  miles  an  hour,  there  will  result  a  positive  loss,"  due  to  the 
"  improvement."  The  inevitable  economy  would,  under  this  hypo- 
thesis, simply  assert  itself  in  another  way.  If  the  time  spent  on  the 
grades  is  equal,  engines  on  the  new  grade  would  have  the  time  of  the 
entire  run  over  the  560  ft.  of  level  track  to  their  credit.  This  for  the 
year  would  correspond  to  15  295  train-miles,  which  at  26  cents,  as 
before,  corresponds  to  about  it?4  000,  from  which  should  be  deducted  the 
increased  cost  of  maintaining  the  sjjeed  of  26  miles  an  hour,  and  then 
represents  the  saving  from  the  reduction  of  grade,  on  this  supposition. 

It  should  be  noted  that  the  obvious  saving  in  coal  on  engines 
descending  the  new  grade  is  not  counted  in  the  total  saving,  its  amount 
being  indeterminate.  The  engines  were  formerly  obliged  to  run  the 
560  ft.  of  level  track  under  good  steam-jjressure  ;  while  now  but  little 
steam  is  required,  excepting  to  control  the  train,  after  it  has  passed 
the  summit  of  the  new  grade. 
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THE  DUNNING'S  DAM,  NEAR  SCRANTON,  PA. 


By  E.  Shekman  Gouiii),  M.  Am.  Soc.  C.  E. 
Read  October  17th,  1894. 


WITH  DISCUSSIOX. 


The  city  of  Scranton,  Pa.,  witli  a  i:)oi)ulation  of  about  85  000,  is 
supplied  with'water  by  two  private  companies,  namely,  the  Scranton 
Gas  and  Water  Company  and  the  Providence  Gas  and  Water  Com- 
pany. The  oi^erations  of  the  latter  are  confined  to  the  annexed  dis- 
tricts of  Providence  and  Green  Ridge.  By  far  the  greater  jDortion  of 
the  city,  together  with  the  most  important  manufacturing  establish- 
ments, are  supjjlied  by  the  Scranton  Gas  and  Water  Company. 

At  the  time  of  the  construction  of  the  works  about  io  be  described, 
the  water  furnished  by  this  corporation  was  drawn  entirely  from  Roar- 
ing Brook,  a  large  stream  emptying  into  the  Lackawanna  within  the 
city  limits.  It  was  delivered  by  gravity,  the  elevation  of  the  distribut- 
ing reservoir  being  suflBcient  to  supply  all  but  a  few  very  elevated 
portions  of  th»  city,  without  pumping. 

Prior  to  1887  there  was  but  one  reservoir,  situated  some  four  miles 
above  the  city,  of  a  capacity  of  about  80  000  000  galls.  The  water  con- 
sumption was  probably  in  the  neighborhood  of  6  000  000  or  7  000  000 
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galls,  per  day,  so  there  was  but  little  storage.  It  is  true  tlie  company 
controlled  the  right  to  the  use  of  the  water  of  Lake  Henry,  which 
could  be  drawn  ujjon  in  an  emergency  for  about  400  000  000  galls., 
but,  the  water-shed  of  this  lake  being  small,  it  could  not  probably  be 
emptied  and  refilled  every  year,  and  was,  therefore,  not  available  as 
a  regular  supply. 

In  1886  a  severe  drought,  during  which  the  reservoir  above  men- 
tioned was  drawn  down  several  feet,  and  a  water  famine  only  averted 
by  opportune  rains,  gave  warning  that  storage  was  becoming  neces- 
sary. The  writer  w'as  accordingly  engaged  by  Mr.  W.  W.  Scranton, 
president  of  the  comjjany,  in  the  summer  of  this  year,  to  design  and 
build  a  storage  reservoir  of  about  350  000  000  galls,  capacity  on  Oak 
Run,  a  small  stream  emptying  into  Roaring  Brook  about  10  miles  above 
the  city  of  Scranton,  and  draining,  above  the  proposed  reservoir*,  an 
area  of  only  some  2^  sq.  miles. 

The  dam  forming  this  reservoir  presents  certain  interesting  features, 
but,  as  they  were  all  repeated  ujion  a  much  more  important  scale  in 
the  Dunning's  Dam  about  to  be  described,  they  will  not  be  mentioned 
here,  further  than  to  state  that  the  dam  was  completed  and  the  reservoir 
filled  inside  of  one  year  from  the  time  of  commencing  work,  and  that 
the  actual  total  cost  of  the  same  was  $65  392  76,  or  about  7%  inside  of 
the  estimate. 

The  building  of  the  Oak  Run  reservoir  was  intended  only  as  a 
temporary  expedient,  to  provide  for  immediate  contingencies.  Prior 
to  and  during  its  construction  active  stejjs  were  taken  for  the  building 
of  another  and  much  larger  one  on  the  main  stream.  As  is  fre- 
quently the  case,  among  all  the  possible  sites  for  a  large  dam,  one 
stood  out  in  bold  relief  as  being  preferable  to  all  the  others,  the  toj^og- 
raphy  of  the  valley  of  Roaring  Brook-  clearly  indicating  the  one  most 
advantageous  location  for  a  high  dam.  The  ajjproximate  site  being  thiis 
fixed,  the  exact  position  for  the  axis  of  the  dam  was  determined  by  means 
of  an  accurate  contour  map,  and  subsequently  verified  on  the  ground. 
This  map,  which  was  preserved  in  duplicate,  represented  the  original 
surface  of  the  ground  before  any  work  was  done,  and  thus  afforded  a 
ready  means  of  calculating  all  subsequent  excavation*  and  embank- 
ment. Test  pits  were  also  dug,  and  a  good  general  idea  of  the  ground 
obtained  before  beginning  work. 

The  track  of  the  Delaware,  Lackawanna  and  Western  Railroad  fol- 
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lows  the  left,  or  soutlierlT,  bank  of  Roaiing  Brook,  through  the 
greater  part  of  its  course,  and,  at  the  point  selected  for  the  dam, 
approaches  very  near  to  the  stream.  On  the  right  bank  the  Erie  and 
Wyoming  Eailroad  follows  the  course  of  the  stream  to  the  point  where 
Oak  Eun  joins  it.  The  track  then  leaves  Eoaring  Brook  to  follow  the 
right  bank  of  Oak  Eun,  skirting  along  the  reservoir  already  mentioned. 
The  location  of  the  dam  and  of  the  above-named  railroads  are  shown 
on  Plate  LIY. 

The  nature  of  the  ground  at  this  jjoint  was  somewhat  peculiar,  and 
seems  to  be  characteristic  of  the  streams  in  this  section.  On  the 
southerly,  or  Delaware,  Lackawanna  and  Western  side,  rock  crops  out, 
being  apparently  the  Pocono  or  Catskill  sandstone.  This  continues  to 
about  the  middle  of  the  stream,  where  it  breaks  off  abruptly,  the 
remainder  of  the  bed  of  the  stream  and  the  opposite  bank  being 
mostly  a  stiff  clay.  This  formation,  which  is  shown  on  Fig.  2,  Plate  LV, 
involved  the  building  of  the  dam  half  on  rock  and  half  on  earth,  with 
an  abrupt  jump  from  one  to  the  other,  the  transition  point  occurring 
near  the  center  of  the  spillway. 

This  outcrop  did  not  extend  indefinitely  up  and  down  stream  from 
the  point  selected  for  the  dam.  It  constituted  simj^ly  a  projecting 
nose  jutting  out  into  the  stream,  the  rock,  both  above  and  below,  reced- 
ing considerably  from  the  bank. 

The  abrupt  breaking  off  of  the  rock  in  the  middle  of  the  stream 
was  certainly  a  very  unfavorable  circumstance  as  regards  a  solid  and 
uniform  foundation,  but  the  existence  of  rock  on  at  least  one  side  was 
regarded  as  a  great  advantage,  for  it  made  it  possible  to  get  a  good  and 
permanent  foothold  for  the  tower,  and  gate  chamber,  and  for  the  race- 
way for  the  discharge  pipes,  with  a  great  saving  of  masonry.  From 
the  point  where  the  rock  broke  off,  a  center  wall  of  masonry  was  car- 
ried along,  which  formed  the  core  of  a  heavy  earthen  embankment 
upon  the  northerly,  or  Erie  and  Wyoming,  side. 

In  planning  the  dimensions  of  the  dam,  the  existence  of  the  two 
railroads,  particularly  the  Delaware,  Lackawanna  and  AVestem,  pre- 
sented a  serious  comi^lication  of  the  problem,  and  gave  rise  to  the  most 
interesting  engineering  feature  of  the  work.  In  order  to  secure  the 
desired  capacity — twelve  hundred  millions  of  gallons — it  was  necessary 
to  raise  the  lip  of  the  spillway  7  ft.  above  the  level  of  the  Delaware, 
Lackawanna  and  Western  track  at  that  point.     It  was  imiiossible,  there- 
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fore,  to  terminate  the  dam  at  the  track,  and  the  only  way  to  accomplish 
the  desired  end  was  to  carry  the  main  dam  up  to  the  necessary  height,  and 
then  build  a  side  wall  to  it,  running  approximately  parallel  to  the  track 
and  continuing  until  the  grade  of  the  road,  rising  at  the  rate  of  about 
1  in  100,  should  carry  it  above  the  high- water  level  in  the  reservoir. 
This  wall  ran  some  1  200  ft.  to  a  projecting  knoll  of  compact  clay 
loam,  into  which  it  was  deeply  embedded. 

The  same  necessity  for  a  side  wall  existed  upon  the  opposite  bank, 
but  on  this  side  the  wall  was  much  shorter,  only  about  600  ft.  long,  as 
the  level  of  the  Erie  and  Wyoming  track  at  this  point  was  about  8  ft. 
higher  than  that  of  the  Delaware,  Lackawanna  and  Western.  As  there 
was  no  suitable  stopping  place  for  this  wall  inside  the  resei'voir,  it  was 
turned  across  and  under  the  track,  and  carried  well  into  the  solid  bank 
on  the  other  side. 

A  somewhat  detailed  description  of  the  different  parts  of  the  work 
will  now  be  given,  taking  up  afterwards  the  manner  and  order  in  which 
they  were  executed.  And  first  to  speak  of  the  sjiillway,  which  is  shown 
in  plan  on  Plate  LIV,  and  in  elevation  on  Plate  L V.  This  imjoortant  feat- 
ure of  the  dam  has  a  total  length  of  lip  of  152.56  ft.,  and  the  lii?  is  5  ft. 
below  the  lowest  crest  of  the  dam,  shown  to  the  right  on  Fig.  2,  Plate  LV. 
The  numerous  disasters  which  have  occurred  from  spillways  of  insuf- 
ficient capacity,  abundantly  prove  the  necessity  of  great  care  in  fixing 
their  dimensions.  In  the  present  case  the'  problem  was  simpli- 
fied by  the  fact  that  the  spillway  of  the  old  distributing  reservoir,  a 
few  miles  further  down  the  stream,  furnished  a  basis  for  calculation. 
The  writer  was  thus  led  to  adopt  the  dimensions  given  above,  which 
have  proved  to  be  ample.  It  will  be  noticed  that  on  the  northerly  side — 
the  left-hand  side  on  Fig.  2,  Plate  LV — the  top  of  the  masonry  center  wall 
is  1  ft.  higher,  and  the  top  of  the  earthen  embankment  3  J  ft.  higher, 
than  the  top  of  the  masonry  on  the  southerly  or  right-hand  side,  as 
shown  on  the  same  figure.  The  object  of  this  difference  of  level  was, 
that  if  some  unprecedented  freshet  should  overpower  the  discharging 
capacity  of  the  spillway,  aided  by  the  blow-off"  pipes  hereafter  to  be 
mentioned,  the  overflow  should  take  place  over  that  portion  of  the 
dam  which  was  of  masonry  rather  than  over  the  earthen  embankment. 
Should  such  a  case  occur,  the  overflow  would  pass  over  the  gate 
chamber  wall  on  the  right,  and  the  whole  length  of  the  side  wall 
along  the  Delaware,  Lackawanna  and  Western  track.     This  would,  of 
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course,  do  great  damage  to  the  track,  but  would  insure  the  more 
perishable  portions  of  the  dam  against  destruction,  and  compel  a 
minor  disaster  to  take  place  instead  of  a  more  general  one. 

A  cross-section  of  the  spillway  and  embankment  is  shown  in  Fig.  3, 
Plate  LV,  taken  through  a  point  where  the  embankment  is  the 
longest,  on  the  line  A-B  of  Plate  LIV.  It  will  be  observed  that  the 
masonry  is  backed  up  to  its  full  height  by  a  heavy  bank  of  earth. 
In  other  words,  the  inside  embankment  is  continuous  over  the  entire 
length  of  the  dam,  so  that  in  one  sense  it  is  an  earthen  dam  with 
masonry  spillway  and  other  adjuncts.  The  writer  is  strongly  in  favor 
of  the  earthen  backing  for  all  masonry  dams.  This  feature  will  be 
referred  to  again. 

This  section  (Fig.  3)  shows  the  dam  as  built  upon  a  foundation 
of  stiff  clay  and  fine  sand.  Where  founded  upon  rock,  the  concrete  was 
sometimes  dispensed  with,  the  surface  irregularities  being  leveled  up 
with  sj^alls. 

The  sloping  front  of  the  spillway  was  stejjped,  rather  than  curved, 
or  simply  battered.  This  was  cheaj^er  than  a  cut  stone  curved  face 
would  have  been,  and,  besides,  this  manner  of  handling  the  overflowing 
water  is  preferable  to  letting  it  attain  a  high  velocity  by  sweeping  over 
a  free  and  unobstructed  surface.  In  the  writer's  opinion  it  is  better  to 
act  upon  the  contrary  principle,  namely,  to  destroy  its  horizontal 
velocity  by  a  series  of  falls,  by  which  means  the  water  reaches  the 
apron  at  the  foot  of  the  dam  with  but  little  momentum.  Of  course, 
either  way,  the  same  amount  of  water  ijer  second  must  finally  pass 
through  the  channel  below  the  dam,  but  the  difference  of  level  between 
the  top  and  bottom  of  the  spillway  is,  in  the  writer's  opinion,  better 
overcome  in  this  manner,  although  it  must  be  admitted  that  the 
question  is  an  open  one,  on  which  it  is  hoped  the  views  of  other 
members  may  be  given. 

The  construction  of  the  apron  is  shown  also  in  Fig.  3,  Plate  LV,  and  its 
plan  on  Plate  LTV.  This  was  one  of  the  las  t  pieces  of  work  done,  and 
during  the  time  of  construction  of  the  spillway,  and  previous  to  its 
completion,  it  was  repeatedly  swept  over  by  floods.  The  effect  of 
these  was  to  excavate,  more  or  less,  the  bottom  of  the  stream  directly  in 
front  of  the  dam,  but  to  a  less  extent  than  was  anticipated.  In  con- 
structing the  apron,  a  timber  crib  filled  with  stones  was  jjlaced  at  its 
lower  limit.  The  bottom  of  the  stream  was  leveled  up  with  dry  stone, 
the  excavated  portions  being  first  filled  up  with  small  stones,  and  then 
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the  largest  obtainable  placed  as  regularly  as  possible  on  the  top.  The 
joints  of  these  were  packed  with  sjDalls,  and  then  a  continuous  bed  of 
concrete,  averaging  about  1  ft.  in  thickness,  spread  over  the  dry  stone. 
On  the  top  of  the  concrete  a  stone  masonry  pavement  was  placed,  con- 
sisting of  heavy  blocks  bedded  in  cement  mortar.  Later  on,  some 
additional  dry  stone  rip-rapping  was  placed  below  the  crib,  to  protect 
it  and  regulate  the  channel  below.  The  result  of  the  whole  has  proved 
to  be  eminently  successful  in  preventing  wash. 

The  next  most  imjjortant  feature  of  the  dam  is  the  gate  chamber 
and  its  ajipurteuances.  The  writer  gave  this  matter,  as  it  merited,  the 
deepest  consideration,  going  over  the  drawings  and  modifying  them 
repeatedly  before  evolving  a  design  which  seemed  to  him  to  be  fully 
satisfactory. 

This  part  of  the  work  is  shown  on  a  small  scale  in  plan,  on  Plate  LIV, 
and  in  front  elevation  on  Fig.  2,  Plate  LV,  and  in  ])lan  and  bird's-eye, 
and  in  longitudinal  section  on  Plate  LVI. 

In  order  to  understand  clearly  this  part  of  the  work,  it  will  be 
necessary  to  state  the  objects  which  it  was  sought  to  accomfjlish.  In 
the  first  place,  it  was  necessary  to  have  some  simple  and  easily  handled 
means  of  drawing  water  from  the  reservoir  when  desired,  and  the 
means  and  appliances  used  must  be,  besides,  not  liable  to  get  out  of 
order,  still  less  to  break  down.  Moreover,  they  should  be  of  capacity 
sufficient  to  appreciably  relieve  the  reservoir  in  case  of  necessity,  even 
to  the  extent  of  nearly  or  quite  emptying  it,  at  least  in  the  dry  season, 
and  for  this  purpose  the  opening  should  be  located  as  near  as  possible 
to  the  bottom  of  the  reservoir.  In  the  present  case  it  was  also  desired 
to  provide  means  to  connect  the  city  supply  directly  with  this  reser- 
voir, so  that  the  actual  distributing  reservoir  could  be  cut  off  if  desired. 

The  writer  has  long  been  convinced  that  the  best  and  handiest  way 
of  dra\\dng  and  shutting  off  water  from  a  reservoir  is  by  means  of  a  cast- 
iron  pipe,  built  into  the  masonry  of  the  dam  (or  of  the  center  wall,  if 
it  is  an  earthen  dam),  and  controlled  by  two  gates  or  stop-cocks,  one 
placed  as  near  to  the  dam  as  possible,  and  the  other  a  certain  distance 
further  along.  Accordingly  there  was  built  in,  in  this  way,  a  48-in. 
cast-iron  pipe,  as  shown  on  Plate  LVI,  as  low  down  as  possible,  and  pro- 
vided with  two  horizontal  gates,  of  the  New  York  City  pattern.  This 
pipe  was  siij^ported  in  solid  masoni'y  blocks  throughout  its  entire 
length,  reaching  from  side  to  side  of  the  pipe  gallery,  with  holes  in  the 
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"bottom,  to  drain  off  any  water  wliicli  might  otherwise  accumulate. 
Dii-ectly  over  this  was  a  36-in.  pipe  destined  to  be  used  as  a  main  to 
the  city,  if  desired.  This  pipe  was  also  provided  -ndth  two  gates,  same 
pattern  and  make,  and  was  supported  hx  the  same  blocks  of  masonry 
as  the  48-in.  pipe,  these  blocks  being  continued  up  to  about  the  axis 
of  the  36-in.  pipe.  In  this  way,  the  48-in.  pipe  Avas,  at  the  jsoints  of 
suppoi-t,  entirely  circled  with  masonry,  while  the  36-in.  was  sujiported 
in  a  cradle,  extending  to  half  its  height.  Of  the  two  gates  on  each 
pipe,  the  inner  one  is  to  be  kept  open,  or  partially  open  always,  and 
the  water  turned  on  or  off  by  means  of  the  lower,  or  down-stream  one. 
Then,  should  any  accident  occur  to  this  latter,  the  upper  one  is  closed, 
and  the  lower  one  can  be  got  at  for  repairs.  Directly  over  these  gates, 
in  the  two  gate  chambers,  wrought-iron  eye-beams  were  built  into  the 
walls,  so  that  in  case  of  wishing  to  handle  the  gates  at  any  time,  blocks 
and  falls  could  be  rigged  over  them. 

Although  the  two  gates  above  mentioned  furnish  a  pretty  good  secur- 
ity against  accidents,  it  is  necessary  to  have  some  additional  means  of 
shutting  oft'  the  water,  and  of  shutting  it  oft"  in  such  a  way  as  to  i^ermit 
access  to  the  moiith  of  the  discharge  pipe  when  the  reservoir  is  full. 
If  this  case  should  occur  when  it  became  necessary  to  get  at  the  mouth 
of  the  pipe,  without  emptying  the  reservoir,  it  would  be  obviou.sly 
necessary  to  construct  some  sort  of  a  coffei:-dam  in  front  of  it,  or,  as  a 
makeshift,  to  send  down  a  diver.  It  would,  therefore,  be  better  to 
construct  a  permanent  coflfer-dam  at  the  start,  making  it  a  part  of  the 
structure,  by  building  a  sort  of  tower  containing  grooves  into  which 
stop  plank  could  be  dropped,  shutting  off  the  water  in  a  manner  which, 
though  not  absolutely  perfect,  has  the  advantage  of  being  rude  and 
simple,  and  therefore  not  liable  to  get  out  of  order  as  sluice  gates 
worked  with  a  screw  sometimes  do. 

Plate  LVI  shows  such  a  tower  containing  two  sets  of  grooves  for  stop- 
plank  separated  by  a  certain  interval  which  can,  if  necessary,  be 
jjacked  so  as  to  make  the  coffer-dam  qiiite  water-tight.  There  is  also 
a  third  set  of  grooves  intended  for  the  reception  of  screens  should 
the  supply  mains  ever  be  connected  with  the  36-in.  pipe. 

As  has  been  already  stated,  the  w^hole  of  the  inside  face  of  the  dam 
was  provided  with  an  earthen  embankment,  not  only  the  northerly 
jiart,  which  consists  of  a  masonry  center  wall,  and  an  inside  and  out- 
side bank  of  earth,  but  also  the  southerly  half,  where  a  purely  masonry 
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dam  was  built,  and  then  an  embankment  of  earth  added  on  the  inside- 
There  were  two  reasons  for  this.  Had  the  inside  embankment  been 
confined  to  the  northerly  portion,  a  very  heavy  and  expensive  retain- 
ing wall  projecting  into  the  reservoir  would  have  been  needed,  cost- 
ing more  than  making  the  bank  continuous.  A  second  reason  was  the 
conviction,  already  mentioned,  that  such  a  backing  is  always  an  ad- 
vantage, even  to  a  masonry  dam.  It  impedes  leakage,  and  is  equivalent 
to  a  deepening  of  the  foundation  on  the  water  side.  A  dam  built  in 
this  way  may  be  regarded  as  an  earthen  dam  in  which  the  exterior 
slope  of  earth  has  been  replaced  by  an  equivalent  mass  of  masonry  ap- 
plied to  the  front  of  the  center  wall.  This  is  the  form  of  dam  of 
medium  height  which  the  Avriter  would  always  recommend  when  a  rock 
bottom  can  be  found.  If  the  foundation  must  be  upon  earth,  he 
would  hesitate  to  adopt  it,  for  he  would  consider  the  extra  concentra- 
tion of  weight  on  a  smaller  surface  at  the  junction  of  the  two  different 
materials,  masonry  and  earth,  as  disadvantageous,  and,  besides,  would 
probably  feel  that  the  more  extended  earthen  bank  would  be  needed 
to  smother  down  any  percolations  from  under  the  center  wall  which 
might  otherwise  show  in  front  of  the  dam. 

The  existence  of  this  inside  bank  made  it  necessary  to  study  how 
communication  should  be  established  between  the  water  tower  and  the 
inside  of  the  reservoir.  Building  the  tower  with  three  sides  only, 
leaving  the  back  open  and  building  two  retaining  walls,  to  form  an 
open  passage  into  it,  had  been  thought  of.  These  walls  would,  how- 
ever, be  very  expensive,  as  has  been  already  intimated,  and  it  was  con- 
cluded, therefore,  to  construct  an  arched  gallery  running  through  the 
bank.  It  is  interesting  to  note  how,  in  designing,  one  idea  runs  into 
another,  so  it  may  be  mentioned  here  that,  while  studying  out  the 
design  for  retaining  or  wing  walls,  the  writer  considered  the  pos- 
sibility of  greatly  reducing  their  thickness,  and  at  the  same  time  get- 
ting the  necessary  strength,  by  throwing  at  intervals  arched  braces 
between  them,  so  that  they  should  be  mutually  sustaining  by  being 
thus  connected.  It  was  only  a  short  step  further  to  make  these  sup- 
ports continuous,  and  this  led  naturally  to  an  arched  gallery,  such  as 
was  actually  built. 

In  order  to  make  this  i^art  of  the  work  as  complete  and  efficient  a& 
possible,  a  small  tower  was  also  placed  at  the  entrance  to  the  gallery^ 
provided  with  one  set  of  grooves.     In  these  grooves  were  placed  frames 
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containing  vertical  iron  bars,  some  6  ins.  apart,  for  the  purpose  of 
arresting  any  large  floating  objects  wMcli  might  otherwise  get  into 
the  pipes  when  the  water  was  drawn  down.  These  grooves  would  also 
admit  of  stop-plank  being  placed  in  them,  by  means  of  which  the 
entire  gallery  could  be  emptied  of  water  and  inspected  while  the  reser- 
voir was  full. 

Now,  there  is  a  i^oint  in  regard  to  these  features  of  the  reservoir  to 
which  the  writer  would  like  to  call  attention,  and  that  is  the  way  in 
which  they  are  grouj^ed  together.  It  will  be  perceived  that  the  main 
water  tower  is  placed  directly  against  the  dam  which  forms  one  of  its 
sides,  while  the  northerly  side  of  the  tower  forms  the  jaw  of  the  spill- 
way on  that  side.  The  gate  chamber  is  also  placed  in  direct  contact 
with  the  face  of  the  dam,  while  its  side  forms  the  flanking  wall  of  the 
spillway.  In  this  way  not  only  is  material  economized,  but  the  struct- 
ure greatly  strengthened  at  this  point  by  the  mutual  support  of  its 
several  parts. 

It  may  here  be  observed  that  it  is  an  open  question  if  it  would  not 
have  been  preferable  to  suppress  the  outside  gallery  connecting  the 
two  gate-houses,  moving  the  lower  one  back  to  the  upper  and  throw- 
ing them  into  one.  There  would  have  been  some  small  saving  of  ma- 
terial, and  the  design  would  j^erhaps  have  been  neater.  On  the  other 
hand,  by  the  present  design,  the  lower  gate  is  further  removed  from 
the  dash  and  spray  of  the  falling  water,  with  perhaps  some  other  ad- 
vantages. Upon  the  whole,  however,  the  writer  is  at  present  inclined 
to  believe  that  it  would  have  been  a  more  workmanlike  design  to  have 
brought  both  sets  of  gates  under  one  roof. 

Below  the  lower  gate-house,  the  bank  is  protected  against  the  wash 
of  the  discharge  pipes  by  a  heavy  retaining  wall,  curved  in  plan,  and 
a  solid  pavement  laid  in  mortar  receives  the  wash  from  the  pipes. 
This  wall  and  pavement  are  shown  in  plan  on  Plate  LIV. 

The  part  of  the  work  which,  perhaps,  caused  the  greatest  solici- 
tude was  the  return  wall  along  the  Delaware,  Lackawanna  and  West- 
ern track,  destined  to  retain  the  water  above  the  level  of  the  same. 
The  first  200  ft.  or  so  of  this  wall  stood  on  rock  foundation,  and, 
of  course,  gave  rise  to  no  anxiety.  After  that,  however,  it  left  the 
rocky  projection  already  mentioned,  and  continued  the  rest  of  the  way 
upon  earth,  mostly  clay  and  fine  gravel.  The  wall  was  built  on  the 
sloping  bank  lying  between  the  railroad  and  the  stream,  in  some  cases 
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cutting  the  foot  of  the  railroad  embankment,  and  thereby  giving  a 
good  deal  of  trouble  to  the  contractors,  to  preA^ent  bringing  away  the 
track.  It  was  evident  that  no  fears  were  to  be  entertained  as  to  the 
resistance  of  the  wall  against  water  pressure  when  the  reservoir  was 
full,  because  it  was  backed  up  against  the  railroad  embankment,  and 
could  not  therefore  be  overturned  nor  moved  outwardly.  The  danger 
to  be  apprehended  was  from  its  being  thrown  inwardly  from  the  enor- 
jnous  earth  jaressure  against  it  when  the  reservoir  should  be  empty, 
more  particularly  as  the  sloping  bank  upon  which  it  stood  would  in 
such  case  be  greatly  softened,  if  not  absolutely  saturated,  from  the 
recent  jDresence  of  the  water.  Of  course,  danger  from  the  softening  of 
the  ground  on  which  it  stood  could  be  overcome  by  carrying  the 
foundations  down  below  the  bed  of  the  stream,  but  this  would  have 
led  to  such  an  enormous  increase  of  expense  that  the  idea  was  not 
even  entertained.  It  may  here  be  remarked  that  the  problem  was  re- 
garded as  relieved  of  a  great  deal  of  its  gravity  by  the  fact  that  the  possi- 
ble destruction  of  the  wall  could  only  be  looked  for  when  the  reservoir 
was  empty ;  its  failure,  consequently,  could  not  be  accompanied  by  the 
awful  disasters  incident  to  the  bursting  of  a  dam.  This  was,  at  least, 
some  comfort,  but,  even  so,  the  jiroblem  remained  a  very  impressive 
one.  A  wall  was  to  be  built,  1  200  ft.  long,  exposed  for  the  greater 
jsart  of  its  length  to  the  pressiire  of  earth  filled  in  between  it  and  the 
slope  of  a  railroad  embankment.  This  wall,  being  built  parallel  to 
the  stream,  naturally  would  cut  oflf  a  great  deal  of  the  ground  and 
surface  water  which  would  otherwise  J&nd  its  way  to  the  lowest  point 
of  the  valley,  so  that  the  bank  would  be  always  more  or  less  water- 
logged. Weepers  were,  of  coui'se,  inadmissible,  but  a  drain  pipe  was 
placed  outside  of  the  wall  parallel  to  it,  and  between  it  and  the  rail- 
road track,  so  as  to  intercept  at  least  a  portion  of  the  water  and 
conduct  it  oflf  below  the  dam. 

Fig.  5,  Plate  LV,  shows  two  sections  of  this  wall,  one  on  rock  and  the 
other  on  earth  foundation.  It  will  V)e  seen  that  the  lower  j^art  of  the 
wall  is  vertical  on  both  sides  up  to  elevation  (30).  At  this  height  an  in- 
set was  made,  and  on  the  water  side  the  wall  carried  uj)  with  a  batter 
of  1  in.  to  1  ft.  to  elevation  (54).  The  coping  raises  it  to  (55).  The 
thickness  at  the  top,  directly  under  the  coping,  was  4.25  ft.,  and  the 
batter  on  the  side  next  the  railroad  3  ins.  to  1  ft.  On  the  water 
side,  wherever  the  oflfset  at  elevation  (30)  was  above  the  level  of  the 
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ground,  an  earthen  embankment,  rip-ra^jped,  was  jjlaced  against  it  at 
tliat  height,  so  that  the  exposed  surface  of  the  masonry  wall  w'as  never 
more  than  25  ft.  in  height. 

It  A\T.ll  be  readily  understood  that  at  times  the  excavation  for  this 
wall  gave  a  good  deal  of  trouble,  owing  to  caving  in  of  the  bank.  All 
contractors  are  apt  to  take  risks  in  such  work  and  try  to  get  the  pit 
taken  out  and  the  masonry  built  without  timbering.  In  this  way  a 
great  deal  of  the  excavation  has  to  be  taken  out  twice.  In  order  to 
economize  concrete  and  to  get  on  as  fast  as  i^ossible,  the  foundation 
pits,  in  earth,  were  not  taken  out  to  the  fiill  depth  for  the  full  width. 
The  dangerous  tendency  being,  as  already  mentioned,  to  overturn  into 
the  reservoir,  the  concrete  was  given  its  full  depth  only  under  the  in- 
side toe  about  which  the  wall  w'ould  tend  to  turn,  as  shown  in  Fig.  5, 
Plate  LV.  In  the  first  sections  of  the  wall  counter  forts  were  placed  at 
certain  intervals,  but,  largely  owing  to  the  delay  and  labor  of  exca- 
vating for  them,  particularly  when  placed  on  the  outside,  they  were 
finally  done  away  with,  and  an  additional  thickness  given  to  the  wall 
instead. 

The  center  wall  calls  for  no  i:)articular  mention.  It  is  shown  with 
the  embankment  in  section  on  Fig.  6,  Plate  LV.  The  flat  prolongation 
of  the  inside  embankment  shows  when  the  "temporary  dam,"  to  be 
mentioned  hereafter,  and  other  provisional  tilling  were  incorporated 
into  the  permanent  work. 

As  has  already  been  mentioned,  the  southerly  side  of  the  sijillway 
is  giiarded  by  the  gate  chambers  and  other  accessories.  On  the  north- 
erly side  it  is  limited  and  the  water  confined  by  a  heavy  wing  wall, 
which  forms  the  retaining  wall  of  the  exterior  earth  embankment  on 
that  side.  It  will  be  remembered  that  the  rock  does  not  extend  across 
the  brook,  so  that  this  wall  and  a  great  part  of  the  sjiillway  rest  upon 
an  earthen  foundation.  Great  care  was  therefore  necessary  to  secure 
and  protect  all  this  part  of  the  work  from  being  undermined.  To  carry 
the  foundation  of  the  wing  wall  down  below  the  bed  of  the  stream 
would  have  been  very  expensive;  not  to  do  so,  and  to  leave  its  foot  un- 
protected, would  be  very  dangerous.  Accordingly,  after  going  down 
a  certain  distance  with  the  foundation,  a  second  or  "bench"  wall 
was  placed  some  25  ft.  in  front  of  it,  going  a  little  below  the  bed  of  the 
stream,  with  its  top  higher  than  the  bottom  of  the  main  wall.  The 
intervening  space  was  concreted  and  paved  with  heavy  blocks  of  cut 
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stone,  forming  a  platform  over  -which  the  water  coming  from  this  end 
of  the  spillway  could  wash  with  safety.  This  arrangement  is  shown 
in  Plate  LIV,  and  Fig.  2,  Plate  LV. 

In  dam  building,  the  proper  order  in  which  to  execute  the  work  is 
always  to  thoroughly  clear  and  grub  the  area  to  be  covered  by  the  em- 
bankment (jjarticularly  the  interior  one)  before  any  other  work  is 
commenced.  This  being  done,  all  excavated  material,  when  suitable, 
can  be  at  once  dejjosited  in  the  bank,  and  just  so  much  work  done, 
once  for  all,  with  the  advantage  to  the  contractor  of  its  being  paid  for 
twice,  once  as  excavation  and  once  as  embankment.  After  this,  every- 
thing connected  with  the  discharge  pipes  and  blow-off  culvert  should 
be  got  in,  because,  by  choosing  a  time  of  drought,  it  will  be  frequently 
possible  to  divert  the  entire  .flow  of  the  stream  through  these  open- 
ings, and  thus  solve  the  otherwise  always  jDerplexing  jjroblem  of  how 
to  get  rid  of  the  water  when  "  closing  the  gaji." 

In  the  present  case,  the  first  of  these  operations  was  only  partially 
carried  out,  and  consequently  considerable  extra  trouble  and  expense 
was  incurred  by  the  contractors. 

In  regard  to  the  second  jjoint,  that  of  building  the  discharge  pipes, 
etc.,  first,  the  contractors  considered  it  more  expedient  to  commence 
work  on  the  opposite  or  north  side  of  the  brook,  by  coffer-damming 
about  half  way  across  the  stream,  inclosing  an  area  of  about  80  x  40 
ft.  This  coffer-dam  unfortunately  stopped  just  short  of  where  rock 
was  found  on  the  south  side.  It  would  have  been  a  great  advantage 
if  it  had  been  extended  a  little  further  on,  so  that  the  masonry  within 
it  could  have  been  at  once  bonded  in  Avith  the  rock,  but  the  precise 
position  of  the  rock  was  not  known  at  the  time,  so  the  dimensions  of 
the  coffer-dam  were  largely  determined  by  guess. 

The  coffer-dam  consisted  of  bents  4  ft.  apart,  of  6  x  4-in.  stuff, 
sheathed  with  2-in.  jjlank.  The  bents  were  4  ft.  wide,  and  the  interior 
space  filled  in  with  clay.  This  coffer-dam  was  very  nearly  perfectly 
tight,  and  work  was  carried  on  very  satisfactorily  within  it. 

As  regards  the  nature  of  the  bottom  of  this  excavation,  which  was 
destined  to  contain  that  part  of  the  spillway  and  apron,  the  writer 
quotes  as  follows  from  his  journal,  September  8th,  1887: 

"  Have  got  down  to  a  stratum  of  quicksand,  fine  and  coarse  gravel, 
which  I  consider  favorable  to  start  the  work  on,  the  only  objectionable 
feature  being  the  stones,  cobble  and  gravel.     These,  however,  seem  to 
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be  encased   in  a  matrix  of  fine  sand  and  clay,  and  the  wliole  forms,  I 
think,  a  satisfactory  and  impermeable  bottom." 

Also  the  following  note  in  the  next  day's  journal  entry: 

"  Bottom  looked  satisfactory — fine  sand  and  gravel,  quicksand  and 
cobblestones  ;  hard,  compact,  inelastic — a  natural  concrete  in  fact. 
Am  convinced  it  will  make  a  good  foundation,  at  the  depth  at  which 
we  find  it.  A  bar  cannot  be  forced,  by  working  or  driving,  more  than 
a  foot  or  so  into  it.     No  spouting  springs  when  surface  is  pierced." 

The  rock  on  the  south  side  lay  in  large  Hag-like  slabs,  from  1  to  2 
ft.  thick,  dipping  slightly  to  the  north  and  west,  -with  their  partings 
and  beds  filled  with  compact  clay.  In  cutting  into  this  rock,  for  an 
excavation  of  certain  width,  a  great  deal  of  it  would  be  loosened  out- 
side of  the  neat  lines,  so  that  much  more  than  was-  desired  would  have 
to  be  taken  away.  It  was  found  also  impossible  to  get  down  to  anv- 
thiug  more  compact  and  less  fissured  in  its  structure,  for  the  entire 
formation  was  of  the  same  character.  Generally  speaking,  therefore, 
when  enough  of  the  surface  rock  had  been  removed  to  form  a  clean 
face,  these  large  slabs  were  built  upon  just  as  they  were,  all  irregu- 
larities being  carefully  packed  with  spalls,  and  care  taken  to  dis- 
turb them  as  little  as  jjossible  on  their  natural  beds.  In  working 
in  this  rock,  powder  was  very  sparingly  used;  indeed  its  use  was 
not  generally  allowed  at  all,  owing  to  its  shattering  and  dislocating 
efi'ect. 

Work  was  commenced  about  August  1st,  1887,  and  closed  for  the 
season  December  1st  of  same  year.  By  that  time  the  foundations 
were  in  continuously  across  the  stream. 

"Work  was  resumed  April  23d,  1888,  and  in  August  of  same  year  a 
"temporary"  (so-called)  earthen  dam  was  built,  to  divert  the  water 
through  the  pipes,  which  by  this  time  were  set  with  their  gates.  This 
dam  was  allowed  to  form  jiart  of  the  permanent  embankment.  This 
process  of  diverting  the  water  presented  great  difficulties  and  manv 
vexatious  delays,  as  the  dams  j^ut  up  for  the  i^urpose  were  rejieatedlv 
breached.  His  notes  .are  somewhat  scanty  in  respect  to  this  detail, 
but  the  writer  thinks  that  the  breach  was  finally  closed  by  a  dry  stone 
wall,  through  which  the  water  could  freely  pass  while  being  built. 
When  this  wall  was  finished  the  water  was  excluded  by  jjlacing  brush, 
etc. ,  against  it  on  the  inside,  and  dumping  earth  behind  it,  until  at 
last  it  became  tight.  For  this  purpose  sand  and  fine  gravel  again 
proved  their  immense  superiority  over  clay  for  forming  a  water-tight 


402  GOULD    ON  THE    DUNNING'S    DAM. 

bank.  By  October  1st  the  dam  was  practically  tight,  and  the  whole 
flow  of  the  stream  passed  through  the  pipes. 

Work  on  the  main  dam  was  stopped  for  the  season  November  14th, 
1888.  A  gap  was  left  about  90  ft.  long,  at  elevation  of  about  (27)  to 
provide  for  freshets.  Work  was  continued  on  the  Delaware,  Lackawanna 
and  Western  wall  till  December  10th,  when  all  operations  were  closed 
for  the  season,  everything  being  left  in  good  shape  and  prej^ared  for 
any  freshet  which  might  occur,  and  only  just  in  time,  for  on  December 
18th,  1888,  a  heavy  freshet  did  acttially  take  place,  the  water  rising  to 
about  elevation  (29),  sweeping  over  the  unfinished  work,  gorging  both 
the  48-in.  and  36-in.  pipes,  besides  running  through  the  gap  in  a  sheet 
of  water  90  ft.  long  and  2  ft.  deep.  The  writer  estimated  the  flow  to  be 
at  the  rate  of  about  1  000  en.  ft.  per  second,  the  drainage  area  being  a 
little  over  36  sq.  miles.     No  damage  whatever  was  done  to  the  work. 

Work  Avas  resumed  April  9th,  1889.  On  the  first  of  June  of  this 
year  came  the  awful  tidings  of  the  Johnstown  disaster,  which  naturally 
turned  public  thought  to  the  safety  of  the  Dunning's  dam  and 
reservoir,  which  was  to  be  of  about  the  same  capacity  as  that  at  Johns- 
town, and  occupying  about  the  same  relative  position  in  regard  to  the 
town  and  steel  works.  No  apprehension  was  felt  by  Mr.  Scranton, 
or  the  writer  ;  but  the  managers  of  the  Lackawanna  Iron  and  Steel 
Company  requested  permission  to  have  the  work  inspected  by  experts, 
and  on  June  18th,  1889,  George  S.  Greene,  Past  President  M.  Am.  Soc. 
C.  E. ,  and  Charles  Macdonald,  M.  Am.  Soc.  C.  E. ,  inspected  it,  return- 
ing a  reassuring  report  to  the  company. 

The  work  this  season  was  largely  concenti-ated  on  the  two  side 
dams,  one  along  the  Delaware,  Lackawanna  and  Western,  and  the  other 
along  the  Erie  and  Wyoming  tracks.  The  latter  is  shown  in  plan  in 
Plate  LIV,  and  in  section  in  Fig.  4,  Plate  LV.  Of  these  two  walls,  as 
already  stated,  the  first  was  by  far  the  most  important.  The  foundations 
for  this  wall  were  nearly  everywhere  satisfactory.  In  almost  all  cases  a 
pick  was  needed  for  each  shovel.  It  may  be  here  stated  that  this 
immense  wall  was  throughout  a  satisfactory  piece  of  work.  In  only 
one  point  was  there  any  noticeable  imperfection.  This  consisted  in  a 
small  crack  in  the  wall,  which  developed  after  it  was  built  and  pointed, 
at  about  460  ft.  from  the  angle  with  the  main  dam.  The  opening  was 
widest  at  top.  When  first  perceived  it  was  about  ^  in.  in  width  at  the 
top,  running  out  to  nearly  nothing  further  down.     Every  effort  was 
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made  to  close  this  crack,  both  by  pointing  it  up  on  the  inside  -^-hen 
the  water  in  the  reservoir  permitted,  and  by  dumping  sand,  cement, 
sawdust,  manure,  etc.,  in  front  of  it,  when  the  reservoir  was  full,  in 
order  that  these  substances  might  be  sucked  into  it,  with  the  water 
which  leaked  through.  It  still  remained,  however,  although  with  time 
the  slight  consequent  leakage  has  diminished.  The  writer  has  never 
been  able  to  satisfactorily  account  for  this  crack,  which  did  not  appear 
to  be  due  to  settlement.  He  is  inclined  to  believe  that  it  may  have 
been  owing  to  contraction.  The  wall  is  a  very  long  one,  about  1  200 
ft. ,  its  length  being,  however,  broken  by  an  offset,  and  was  built  very 
carefully  and  vei'y  comjjactly,  so  that  it  contained  no  play  within 
itself  for  contraction.  Indeed,  if  we  admit  the  possibility  of  exi^ansion 
and  contraction  in  stone  masonry,  it  is  evident  that  the  closer  and  better 
built  the  wall  is,  the  more  liable  it  must  be  to  crack  at  some  jjoint 
from  this  cause.  The  writer  would  be  glad  to  know  if  any  one 
has  had  occasion  to  observe  similar  checks  in  extensive  walls  upon  the 
construction  of  which  no  pains  have  been  spared. 

When  the  reservoir'  was  first  filled,  considerable  leakage  was  per- 
ceptible coming  through  the  wall  of  the  upper  gate  chamber.  It  was 
found  that  owing  to  some  oversight,  the  inside  of  the  tower  had  not 
been  thoroughly  raked  and  pointed.  Hay  seed,  sawdust,  cement, 
etc.,  were  thrown  into  the  tower,  and  the  leakage  finally  almost  or 
wholly  overcome.  At  present  the  writer  is  inclined  to  doubt  if  it  is 
wise,  in  the  long  run,  to  immediately  rake  and  point  the  joints  of 
hydraulic  masonry,  still  less  to  cover  it  with  plastering,  and  believes 
it  would  be  better  to  tui'n  on  the  water  first,  and  see  how  water-tight 
the  wall  is  of  itself,  and  do  the  pointing  and  jjlastering  afterwards. 
Leaks  suppressed  by  plastering  will,  of  course,  break  out  when  the 
plastering  begins  to  come  away  (as  it  surely  will  sooner  or  later),  and 
then  fears  would  be  excited  for  the  safety  of  the  work. 

After  the  completion  of  the  work,  the  reservoir  was  allowed  to  fill 
slowly,  the  rise  of  the  water  being  regulated  by  the  discharge  pipes. 
On  November  15th,  1889,  the  water  was  allowed  to  run  over  the  spill- 
way to  the  depth  of  0.4  ft. 

The  final  estimate  was  handed  in  early  in  February,  1890,  as  shown 
on  page  404. 

A  few  words  regarding  the  manner  in  which  each  of  the  principal 
classes  of  work  mentioned  in  the  table  was  executed  mav  be  of  interest. 
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FiNAii  EsTr&iATE  OF  Dunning's  Dam,  Febkuaky,  1890. 


Class  of  Wobk. 


Clearing  reservoir  site 

Kock  excavation 

Earth  excavation 

Earth  embankment 

Cut  stone  masonry,  natural  cement . 

Kubble  masonry,  natural  cement 

Concrete  masonry,  natural  cement.. 

Covering  stone,  natural  cement 

Cut  stone  masonry,  Portland  cement 
Rubble  masonry,  Portland  cement. . . 
Concrete  masonry,  Portland  cement 

Brick  masonry,  Portland  cement 

Covering  stone,  Portland  cement  ... 

Dry  stone  wall 

Kip-rap 


Quantities. 

Peice. 

Acres. 

193.87 

$40  00 

Cu.  Yds. 

6  795.43 

1  00 

19  337.70 

0  35 

74  804.90 

0  35 

81.20 

11  00 

4  310.62 

6  25 

100.10 

5  00 

84.52 

C  25 

858.53 

11  50 

27  219.25 

7  00 

2  742.12 

6  00 

148.10 

11  00 

2'25.28 

7  00 

1  452.16 

3  00 

7  761.65 

1  50 

$7  754  80 


6  795  43 

6  768  20 

26  181  72 

893  20 

26  941  37 

500  50 

528  2.) 

9  873  09 

190  534  75 

16  452  72 

1  629  10 

1  576  96 

4  356  48 

11  642  48 


$312  429  05 


In  clearing  the  reservoir  site,  all  trees  and  stumps  were  cut  as 
nearly  as  possible  level  with  the  ground.  That  portion  of  the  site 
which  was  to  be  covered  by  the  embankment  was  grubbed  and  the  sods 
removed,  and,  generally  speaking,  ploughed  up  before  placing  the  em- 
bankment upon  it,  so  as  to  bond  in  well  with  the  material  forming  the 
embankment. 

The  embankment  was  placed,  as  far  as  possible,  in  layers.  The 
material  was  mostly  taken  from  inside  the  reservoir,  being  taken  out 
by  a  steam  shovel,  and  brought  to  the  foot  of  the  embankment  in  cars. 
It  was  then  scraped  into  place  by  scrapers,  drawn  by  two  horses  each. 
A  portion  was  also  placed  by  wagons  having  movable  bottom  boards. 
It  was  kept  sjjrinkled  while  being  put  in,  and  the  travel  of  the  men, 
teams  and  scrapers  was  sufficient  to  thoroughly  compact  it.  The  ma- 
terial was  mostly  clay  and  gravelly  loam. 

The  stone  used  was  mostly  the  conglomerate  found  under  the  coal 
beds.  It  was  in  every  respect  an  admirable  material.  As  a  great  deal 
of  the  work  was  very  thick  and  massive,  some  very  large  stones  were 
used,  and,  generally  sj^eaking,  although  in  drawing  up  the  specifica- 
tions, the  right  was  reserved  to  reject  all  stones  over  a  certain  size, 
considerable  latitude  was  allowed  in  this  respect,  only  a  perfect  bed- 
ding and  jointing  of  all  stones  with  compact  mortar  was  insisted 
upon.     The  masons  who  executed  this  work  had  had  a  previous  train- 


GOULD    ON"    THE    DUNNING'S    DAM.  405 

ing  upon  the  Oak  run  dam,  and  the  foremen,  as  well  as  the  inspector, 
had  by  this  time  thoroughly  learned  what  the  writer's  requirements 
for  hydraulic  masonry  were.  On  commencing  work  on  the  Oak  run 
dam  stones  were  constantly  raised,  after  being  bedded,  and  examined, 
to  see  that  all  portions  of  their  beds  had  come  in  close  contact  with 
the  mortar.  In  working  on  a  thick  wall,  mortar  was  thrown  in  very 
liberally  with  the  shovel,  and  all  beds  kept  swimming.  "When  operat- 
ing this  way,  there  need  be  no  waste  of  mortar,  for  the  surplus  for  one 
stone  goes  towards  the  bedding  of  the  next,  provided  there  is  a  strong 
gang  of  masons  and  a  smart  foreman  to  keei)  the  derricks  constantly 
on  the  swing.  On  one  occasion  one  foreman,  with  eight  masons  and 
about  nine  heli^ers,  laid  nearly  500  cu.  yds.  of  rubble  in  76  hours.  This 
was  done  with  a  double  drum  steam  dej-rick;  and,  again,  another  fore- 
man, with  seven  masons  (and  probably  about  eight  or  nine  helpers), 
laid  about  375  cu.  yds.  in  seven  days.  This  represents  very  rapid 
work,  when  the  exactions  of  the  engineer  and  the  strictness  of  the  in- 
spection are  taken  into  account. 

Concrete  was  made  of  hand  broken  stone,  and  was  hand  mixed. 
The  specifications  called  for  proportions  of  1,  2  and  3.  It  was  found, 
however,  that  this  produced  an  entirely  too  "fat"  mixture,  and  1,  2 
and  5  was  allowed,  with  good  results.  When  there  was  running  water 
to  contend  with,  the  richer  mixture  was  used,  to  compensate  for  wash. 

The- writer  found  here,  as  elsewhere,  that  2  cu.  yds.  of  concrete  in 
place,  i^ev  man  per  day,  counting  the  entire  gang  employed,  was  as 
much  as  could  be  done.  The  greatest  care  was  exercised  in  mixing 
the  concrete.  A  thorough  incorporation  of  ingredients  was  insisted 
upon,  with  thorough  tamping.  The  same  care  was  bestowed  upon  the 
mixing  of  the  mortar.  No  number  of  turnings  was  prescribed,  but  the 
mixture  of  sand  and  cement  must  be  brought  to  a  uniform  color 
before  adding  the  water.  Also,  a  proper  consistency  and  degree  of 
moisture  was  insisted  uj)on.  The  proportions  were  1  of  cement  and 
2  of  sand,  when  using-  natural  and  American  Portland  cements.  When 
using  imported  Portland  of  accepted  brands,  1  of  cement  and  4  of 
sand  was  allowed  to  replace  natural  cement  mortar,  and  1  of  cement 
and  3  of  sand,  to  replace  American  Portland.  The  testing  of  the 
cements  the  writer  attended  to  personally.  When  the  inspector  was 
not  otherwise  employed,  he  also  was  given  tests  to  make. 

Very  little  masonry  or  earth  work  was  done  on  this  dam  in  freezing 
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weather.  While  it  Avas  in  construction,  however,  the  writer  was  also 
building  another  much  smaller  dam  upon  another  stream — ^the  Stafford 
Meadow  Brook — for  the  same  company.  This  work  had  to  be  begiin 
at  once,  and  was,  therefore,  carried  on  during  the  winter  of  1887-88. 
It  was  built  with  American  Portland,  and  a  steam  boiler,  belonging  ta 
a  pump,  was  employed  for  heating  the  water  used  in  making  the  mor- 
tar, and  in  steaming  the  wall  and  each  stone  laid  in  it.  In  this  way 
every  stone  was  bedded  unfrozen.  It  is  probable  that  the  wall  froze 
up  each  day,  and  remained  frozen  till  the  following  spring.  It  was 
then  examined,  found  to  be  all  right,  and  the  joints  raked  out  and 
pointed.  What  really  Avent  on  inside  of  that  wall,  the  writer  does  not 
know,  and  had  serious  doubts  when  building  it  as  to  whether  the 
mortar  would  set  up  after  it  thawed  oiit,  but  whatever  the  jjrocess  was 
that  went  on  during  that  winter  and  the  succeeding  spring,  the  result 
was  perfectly  satisfactory. 

The  writer  cannot  close  this  paper  without  expressing  his  high  ap- 
preciation of  the  manner  and  spirit  in  which  the  work  was  executed  by 
the  contractors,  Messrs.  Burke  Brothers,  of  Scranton.  All  the  require, 
ments  were  faithfully  carried  out,  and  they  made  it  a  matter  of  i)ride 
to  turn  out  a  first-class  structure.  His  thanks  are  due  to  his  assistant, 
W.  M.  Marple,  M.  Am.  Soc.  C.  E.,  who  had  entire  charge  of  laying 
out  the  work,  which,  as  will  be  seen  by  the  drawings,  was  in  many 
places  of  a  complicated  and  intricate  character.  Everything  confided 
to  his  care  was  well  and  accurately  done.  Mr.  J.  H.  Armstrong  was 
constantly  on  the  work  as  inspector,  going  on  and  off  with  the  whistle, 
the  same  as  the  contractor's  foremen.  While  carrying  out  instruc- 
tions to  the  letter,  with  skill  and  intelligence,  he  had  the  tact  never  to 
antagonize  the  contractors.  It  is  a  pleasure  to  the  writer  to  bear 
witness  that  the  eminently  successful  results  achieved  in  the  building 
of  the  Dunning's  Dam  were  largely  due  to  the  hearty  co-operation  and 
good  faith  of  the  contractors,  and  the  zeal  and  fidelity  of  his  assistants. 

Note. — In  all  the  accompanying  drawings,  figures  inclosed  in 
brackets  indicate  elevations  above  or  below  datum.  This  is  in  accord- 
ance with  the  excellent  practice  of  the  military  engineers  in  designating 
''Beferences." 
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DISCUSSION. 


WrLMAM  E.  "WoKTHEN,  Past  President  Am.  Soc.  C.  E. — The  hearting 
of  the  dam  which  I  constrncted  across  the  Mohawk,  at  Cohoes,  in  1865, 
was  intended  to  have  a  portion  of  it  of  large  stone,  hut  soon  after 
starting  the  work  it  was  thought  better  to  make  it  of  quarried  stone 
of  sizes  that  could  be  readily  laid  by  hand.  The  work  could  be  made 
perfectly  solid  in  this  way  without  any  chance  of  voids;  the  stone 
could  be  got  more  conveniently,  and  the  traveling  cranes  could  be 
used  entirely  for  the  ashlar,  with  the  result  that  the  dam  was  completed 
in  one  season,  from  the  middle  of  July  to  about  the  first  day  of  Octo- 
ber, while  it  was  the  first  intention  to  have  occupied  two  years. 

The  dam  was  of  stone,  about  1  400  ft.  long,  an  overfall  to  an  old  cob 
dam.     The  caps  were  10  ft.  long,  some  2  to  3  ft.  wide,  well  bedded  in 


-^- 


cement  mortar,  dowelled  together  by  galvanized  iron  dow'els;  the  lateral 
joint  to  the  depth  of  6  ins.  was  run  in  sulphur.  There  was  no  trouble 
from  expansion,  although  it  was  exposed  to  all  extremes  of  weather, 
being  at  times  bare,  both  summer  and  winter.  This  sulphur  joint  kept 
good  till  about  three  years  ago  when  it  was  re-run  as  before. 

Fig.  1  is  a  section  of  the  dam  m  which  it  will  be  seen  that  it  sujd- 
plements  an  old  cob  dam,  which  had  settled  very  much,  and  of  which 
the  overflow  had  cut  deeply  into  the  rock  base  endangering  its  stability. 

The  rock-bed  was  Hudson  River  shale  to  an  unknown  depth;  a  shaft 
was  afterwards  sunk  near  the  Harmony  Mills  to  more  than  1  800  ft.  in 
depth  in  this  strata,  and  without  securing  the  supply  of  water  for  a 
paper  mill  for  which  it  was  intended. 
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Plate  LIX  is  a  pliotograpli  of  the  dam  -while  under  construction, 
which,  with  the  section,  is  sufficiently  illustrative  of  the  work.  At  the 
commencement  a  board  sheathing  was  nailed  to  the  timbers  of  the  old 
dam,  and  made  as  tight  as  i^ossible  laterally,  and  at  the  bottom,  on  the 
down-stream  side,  and  at  about  20  ins.  from  the  sheathing  a  close 
sheet  piling  was  set;  care  was  taken  to  make  the  bottom  joint  tight  by 
what  might  be  termed  sausages  oi  dry  cement  mortar  in  muslin  skins. 
The  channel  thus  formed  was  cut  into  small  sections  by  boards  and 
filled  with  concrete.  The  concrete  was  made  in  such  quantities  that 
the  cut-oflf  section  could  be  filled  promptly  from  one  batch.  A  length 
for  dam  below  the  concrete  Avas  cut  off  by  piling,  mud  dams,  or  the 
rock  itself,  and  the  space  was  freed  from  water  and  cleaned,  and  then 
the  laying  of  the  stone  commenced.  As  the  work  progressed  the  sheet 
piling  was  gradually  removed  and  the  hearting  was  connected  with  the 
concrete. 

The  ashlar  was  limestone,  from  Amsterdam,  delivered  by  the  Erie 
Canal,  close  to  the  work,  and  carted  down  to  the  river-bed  to  the 
travelers.  "When  it  was  decided  to  finish  the  dam  in  one  season,  stone 
of  like  quality  was  obtained  on  the  Champlain  Canal  and  delivered  at 
the  same  place. 

The  water  of  the  river  above  the  dam  was  kept  off  the  work  by 
wooden  bulkheads  or  flash-boards,  in  height  and  of  lengths  sufficient 
to  keep  the  water  off  the  work  in  jirogress.  Behind  this  bulkhead  the 
small  hearting  stock  was  deposited  by  boats  from  a  quarry  up  the  river. 
The  space  at  the  top,  between  the  cob  and  masonry  dam,  was  filled 
in  with  a  string  course  of  timber,  and  the  upi^er  joints  covered  by  iron 
plate. 

W.  R.  Htjtton,  M.  Am  Soc.  C.  E. — The  conspicuous  feature  in  this 
dam  is  the  abrupt  change  in  the  character  of  the  material  upon  which 
it  rests,  one-half  its  length  being  upon  rock,  the  other  upon  earth,  a 
stiff  clay  and  sand.  This  construction  was  a  bold  dejiarture  from 
recognized  iJrincijjles,  and  is  not.  to  be  rashly  followed.  Its  success 
appears  to  be  due  to  the  section  of  the  masonry  and  to  the  embank- 
ment on  its  upper  side,  the  resultant  of  all  the  forces  acting  upon  the 
foundation,  jsasses  nearly  or  quite  through  the  center  of  the  base, 
giving  moderate  pressures  (about  4  000  lbs.  per  square  foot),  uniformly 
distributed.  The  building  upon  such  a  base  seems  to  have  been 
unavoidable,  hemmed  in  as  the  reservoir  was  by  a  I'ailway  on  either 
side,  which  excluded  the  alternative  of  a  si^illway,  excavated  in  the 
rock  or  located  entirely  upon  it. 

In  the  matter  of  an  earth  backing  to  a  masonry  dam  a  certain 
distinction  must  be  made.  As  the  author  himself  says,  this  is  an 
earthen  dam  with  a  waste  weir  or  spillway  of  masonry,  a  construction 
clearly  indicated  by  the  circumstances  of  foundati  on  and  relatively 
email  height.     This  mixed  method  can  rarely  be  applied  with  economy 
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and.  safety  to  dams  of  mxicli  greater  heights  than  the  one  under  dis- 
cussion. One  hundred  feet  is  probably  the  limit  of  height  for  earth 
dams.  To  "high"  dams — those  over  100  ft.  in  height — the  addition" 
of  an  embankment  on  the  interior  of  the  reservoir  would  mean  greatly 
increased  expense  beyond  any  compensating  advantages. 

The  sloping  front  of  the  waste  weir  is  built  in  low  steps,  by  which 
the  vis  viva  of  the  falling  water  is  considerably  diminished.  This 
result  is  highly  desirable,  and  the  method  has  been  successfully  prac- 
ticed with  crib  dams,  which,  being  built  of  long  and  tenacious  mate- 
rial, are  not  so  much  dependent  upon  superincumbent  weight  as  in  the 
case  of  a  masonry  face.  In  crib  dams,  however,  the  steps  are  long,  6 
to  12  ft.,  and  the  height  much  less  than  the  length.  They  are,  in  fact, 
so  many  aprons  upon  which  the  total  fall  of  the  water  is  distributed.  In 
masonry  dams  with  vertical  faces  and  exposed  to  heavy  overflows,  it 
has  been  deemed  unwise  to  permit  any  projection  on  the  face.  The 
case  here  is  entirely  different,  and  the  author  states  that  the  water  at 
the  foot  of  the  dam  in  moderate  floods  is  quite  smooth  and  free  from 
destructive  eddies. 

The  failure  of  the  retaining  walls  along  the  railways  could  occur 
only  by  reason  of  the  softening  of  the  ground  on  which  they  stand.  A 
broader  footing  on  the  inside  of  the  wall  woiild  have  been  an  addi- 
tional protection  against  overturning. 

In  the  matter  of  leakage  through  masonry  due  to  neglect  to  rake 
out  and  point  the  joints,  it  has  been  shown  by  experiment  that  cement 
mortar  is  not  in  itself  impermeable.  Its  troweled  or  burnished  surface 
alone  will  resist  percolation.  If  the  joints  are  sufficiently  regular, 
they  may  be  rubbed  down  or  burnished  when  laid.  In  a  wall  of  rough 
rubble,  the  mere  raking  out  the  irregular  spaces  between  the  stones 
and  filling  them  with  fresh  mortar  will  not  do  much  good,  and  the 
chances  are  that  the  filling  will  come  out.  In  the  experience  of  the 
writer,  well-troweled  jilastering  of  cement  mortar  has  been  efficient 
and  has  stood  well  where  not  exposed  to  freezing. 

Temperature  Cracks  in  ihe  Long  Walls. — There  is  no  doubt  that 
very  long  concrete  walls  do  crack  under  variations  of  temperature. 
The  experience  of  the  Dock  Department  of  New  York  leads  to  the 
making  of  a  transverse  joint  once  in  every  150  to  200  ft.  of  wall.  In  Pro- 
ceedings, Institution  Civil  Engineers,  for  June,  1894,  is  a  descrij^tion  of  a 
service  reservoir  at  Colombo,  with  concrete  walls  about  -40  ft.  high, 
which  cracked  under  temperature  strains,  and  was  only  rendered  sta- 
ble by  covering  it  with  an  embankment  of  earth. 

The  author  suggests  that  the  two  gate  chambers  might  with  advan- 
tage have  been  replaced  by  one.  It  certainly  could  have  been  done  at 
less  cost  and  with  greater  simiDlicity.  The  most  simple  arrangement 
is  that  of  a  gate-hoiise  at  the  foot  of  the  inner  slope  of  the  embank- 
ment, closed  with  stop  plank.s,  and  having  gates  at  the  end  of  the  pipes, 
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operated  from  the  floor  of  the  gate-house.  If  more  detailed  regulation 
is  necessary,  a  stoj)-cock  vault  at  the  outer  base  of  the  embankment 
will  be  of  easy  access.  Some  of  the  French  engineers  have  recently  in- 
vented this  arrangement  and  consider  it  one  of  the  most  important  im- 
provements of  the  day,  partly  by  reason  of  its  simplicity,  partly 
because  it  renders  unnecessary  any  masonry  construction  in  the  body 
of  the  embankment,  which  prevents  the  uniform  compacting  of  the 
material.  The  form  is  not  rare  or  new  in  this  country.  A  gallery  to 
carry  the  pipes  under  the  embankment  would  seem  to  be  unnecessary. 
They  may  be  bedded  in  a  mass  of  concrete,  properly  formed,  with 
cross-walls.  In  a  gallery  it  would  be  preferable  to  give  a  continuous 
suj^port  to  the  jjipes,  but  quite  unnecessary  to  cover  them  with 
masonry. 

W.  H.  Baldwin,  M.  Am.  Soc.  C.  E. — I  think,  that  as  this  is  a  dam 
calculated  to  resist  a  high  velocity  and  strain  of  water  behind  it,  it  is 
hardly  to  be  compared  with  the  reservoir  I  am  , engaged  in  building, 
which  is  merely  a  distributing  reservoir  of  about  50  000  000  galls,  for 
the  water  sujaply  of  the  City  of  Yonkers,  N.  Y.,  and  has  no  overflow. 

I  have  been  interested  in  what  the  writer  has  said  about  a  masonry 
dam.  I  am  engaged  in  building  a  partition  wall  which  is  intended  to 
divide  the  reservoir  into  two  compartments.  As  the  water  would  fre- 
quently be  at  dift'erent  levels  on  opposite  sides  of  this  wall,  thei'C  is 
some  solicitude  about  leakage  and  percolation;  I  am  awaiting  develop- 
ments in  that  line.  With  that  exception,  I  do  not  think  there  is  any 
parallelism  between  the  work  under  my  charge  at  the  present  time 
and  the  work  described.  Fortunately,  in  my  work  all  the  foundations 
are  on  solid  rock,  so  we  anticipate  no  trouble  in  the  way  of  under- 
mining. 

James  Owen,  M.  Am.  Soc.  C.  E. — The  only  point  that  occurs  to  me 
is  as  to  the  imjjerviousness  of  the  soil.  I  presume  the  result  has  shown 
that  it  was  satisfactory  in  this  case. 

Also,  there  is  the  contingency  of  the  water  finding  its  way  through 
the  seams  of  the  rock  on  one  side.  In  one  case  where  I  j^ut  up  a  dam 
I  had  great  trouble  in  getting  it  water-tight  on  the  rock  side  of  the 
valley.  I  could  keep  it  tight  on  the  earth  side,  and  I  tried  coating  the 
rock  with  cement,  but  did  not  find  it  very  satisfactory. 

I  had  one  rather  curious  experience  as  to  porosity  of  soil.  An 
owner  was  paid  compensation  for  his  land  and  also  for  a  dam  and  for 
his  original  water  right.  An  impounding  dam  was  built  near  the  same 
spot,  and  compensation  was  afterwards  jjaid  for  drowning  his  land 
below  by  the  water  leaking  through  the  natural  soil  below  and  around 
the  dam. 

About  17  years  ago  I  built  a  dam  of  almost  pure  sand,  about  12  ft. 
high.  I  found  after  a  period  of  two  years  it  became  absolutely  tight, 
and  is  still  jierfectly  impervious  to  water. 
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Kenneth  Allen,  M.  Am.  Soc.  C.  E. — The  question  of  the  relative 
merits  of  the  various  profiles  for  the  face  of  weirs  has  not,  it  is  thought, 
been  given  the  same  attention  as  the  cross-section  required  to  with- 
stand the  static  i^ressures  acting  on  a  dam.  This  is,  no  doubt,  in  jDart 
due  to  the  fact  that  the  stability  of  a  dam  is  of  the  first  importance; 
that  this  stability  is  subject  to  a  fairly  close  approximation  by  calcula- 
tion, and  that,  by  this  means,  a  certain  economy  in  construction  will 
result. 


Timber  Crib  Dam  of  the  Schuylkill  Xavigation  Company. 

In  providing  for  the  overflow  of  dams,  on  the  other  hand,  more 
factors  have  to  be  taken  into  consideration,  and  more  liberty  is  given 
to  the  engineer  in  the  introduction  of  special  designs  to  meet  the 
peculiar  local  conditions. 

Mr.  Gould  has  shown  that,  with  good  workmanship,  a  spillway  40 
or  50  ft.  in  height,  discharging  water  several  feet  in  depth,  may  be 
safely  built  with  a  stepjied  face — a  j^rofile  easy  of  construction  and 
one  which  wilFdestroy  much  of  the  scouring  tendency  of  the  water  on 
leaving  it. 


Macopsin  Intake  Dam,  Newark,  N.  J.,  Water  Supply. 

The  impact  of  a  large  volume  of  water  falling  from  the  crest  of  a 
dam  is  a  powerful  agent  of  destruction,  as  is  made  evident  by  the  large 
number  of  failures  from  this  cause.  The  undermining  of  the  dams,  or 
their  a^jrons,  at  Housatonic,  Conn. ;  Mechanicsville,  N.  Y. ;  Holyoke, 
Mass. ;  at  the  Falls  of  St.  Anthony  at  Minneapolis,  and  of  the  dams 
built  by  the  State  of  Ohio  along  the  Muskingum  River  in  that  State  are 
a  few  examples  of  the  iDower  of  erosion  from  the  overflow  of  dams,  even 
where  the  river-bed  is  of  rock. 
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A  further  objection  to  the  free  fall  of  a  large  volume  of  water  ob- 
tains when  periodic  vibrations  are  set  up,  causing  sympathetic  vibra- 
tions in  neighboring  buildings,  windows,  etc.  This  was  sometimes  the 
case  with  the  old  Holyoke  Dam,  and  has  been  observed  elsewhere,[so 
that  it  has  sometimes  been  necessary  to  draw  off  the  water  through  the 
waste  gates. 

The  means  taken  to  prevent  the  destruction  or  undermining  of  spill- 
ways vary,  depending  on  the  height  of  the  free  fall,  the  dej)ths  on  the 


Dam  No.  2. — Sudbury  Supply  for  Boston,  Mass. 

crest  and  in  the  stream  below  during  floods,  the  presence  of  floating  ice 
or  logs  at  such  times,  the  character  of  the  bed  of  the  stream  and  of  the 
masonry  composing  the  face  of  the  sj)illways.  Broadly  speaking,  there 
are  two  ways  of  accomplishing  this  :  first,  by  consuming  a  portion  of 
the  vis  viva  of  the  water  through  the  formation  of  eddies  and  other  in- 
ternal motions,  and,  secondly,  by  so  guiding  the  falling  mass  that  on 
reaching  the  stream  bed  its  motion  will  be  apj^roximately  parallel 
thereto,  reducing  its  scouring  action  to  a  minimum. 


Lock  Raven  Dam. — Guni^owder  Supply  Jor  Baltimore,  Md. 
This  latter  method  is  employed  with  success  in  the  long,  sloping 
aprons  of  crib  dams  of  moderate  height  where  a  horizontal  apron  or 
steps  would  be  subject  to  injurious  impact  from  ice  or  logs,  or  where 
the  fall  at  the  lower  end  would  j)roduce  dangerous  scour  (Fig.  1).  It 
is  also  employed  in  masonry  dams  having  a  curved  profile  (Fig.  4) ; 
but  the  increased  cost  of  dressing  the  stones  or  the  greater  qiiantity  of 
masonry  required  often  prohibits  the  use  of  this  form.  The  Vyrnwy 
Dam  for  the  Liverpool  water  supply  is  a  good  example  of  this  class. 
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Most  masonry  dams  are  built  so  that  the  force  of  the  falling  water 
is  exerted  either  directly  on  the  rock  bottom  of  the  stream  (Fig.  2),  on 
an  apron  of  heavy  masonry  at  the  level  of  the  stream  bed  (Fig.  3),  on 
a  series  of  steps,  as  in  the  Cunning's  Dam,  or  on  a  water  cushion  of  con- 
siderable depth  below  the  crest  (Fig.  5).  To  obtain  the  necessary 
depth  a  subsidiary  dam  below  the  main  structure  may  be  necessary. 

The  wi-iter  would  hesitate  to  suggest  any  rules  to  govern  the  design 
of  a  structure  where  so  much  depends  on  the  special  conditions  exist- 
ing in  each  case,  but  from  a  general  consideration  of  dams,  admittedly 


Colorado  Kiver  Dam  at  Austin,  Texas. 


excellent  of  their  kind,  he  ventures  to  draw  the  follo'wdng  general  con- 
clusions : 

First. — Where  the' free  fall  is  not  great,  say,  under  20  ft.,  an  apron 
will  usually  be  found  advisable,  unless  the  stream-bed  is  of  solid  rock. 
When  built  of  crib-work,  this  apron  should  have  a  slojie  down  stream 
(Fig.  1),  but  if  of  masonry  it  may  be  horizontal  or  stepped.  A  fill  of 
massive  boulders  below  the  crest,  that  is  prevented  from  being  washed 
down  stream  by  a  low  retaining  wall  at  its  lower  side,  may  be  used  in 
some  cases  as  a  substitute  for  an  apron,  as  in  the  Anient  Dam  recently 
built  in  India. 
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Second. — For  higher  dams  the  fall  may  be  broken  by  steps  or  by  a 
water-cushion. 

Where  steps  are  used  and  flood  volumes  are  large,  the  character  of 
the  work  should  be  unusually  good,  and,  with  high  dams,  it  would 
probably  be  well  to  give  the  lower  steps  an  outward  slope,  as  sug- 
gested by  Rankine,  in  order  to  lessen  the  shock  of  impact  and  the  dash 
of  water  back  against  the  face  of  the  dam. 

Third. — In  the  case  of  very  high  dams  a  saving  will  be  effected  by 
depending  largely  on  a  water-cushion.  The  use  of  steps  to  efiectixally 
break  the  fall  of  a  thick  sheet  from  a  dam  66  or  80  ft.  in  height  would 
necessitate  an  excess  of  masonry,  and  unless  there  were  a  good  depth 


NOTE.-    DOTTED   Lin£ 
irvO/C/iTES  SPILLW/iy 
or    TH£  DUN/y/f^&S  O/IM 


North  Adams,  Mass.,  Dam. — North  Branch  of  Hoosick  Biver  and  Dunning's  Dam. 

of  water  to  receive  it,  there  would,  in  many  cases,  be  danger  of 
scour.  * 

Moreover,  an  attempt  to  guide  the  falling  sheet  by  a  curved  face,  as 
in  the  Vyrnwy  Dam,  results  in  a  very  heavy  section  where  dejjths  on 
the  crest  are  great,  and,  unless  founded  on  rock,  will  require  a  wide 
apron  to  j)revent  scour.  Where  the  sheet  of  water  is  never  very  thick, 
however,  a  section  similar  to  that  of  the  North  Adams  Dam  (Fig.  6) 
may  be  adopted.  In  many  instances  a  combination  of  the  types  indi- 
cated will,  of  course,  be  best. 

Local  conditions  vary,  so  that  no  inflexible  rules  can  be  laid  down, 
but  the  above  conclusions  are  supposed  to  be  correct. 

*Some  interesting  examples  of  subsidiary  dams  for  the  purpose  of  providing  a  suitable 
water-cushion  are  those  for  the  Pick-Uii  weir  at  Vir,  India,  and  for  the  Turlock  and  Folsom 
canal  weirs  in  California — all  of  them  works  of  considerable  magnitude — described  by  H.  M. 
Wilson,  M.  Am.  Soc.  C.  E.,  in  the  Transactions,  Am.  Soc.  C.  E.,  Vol.  XXIII,  page  217,  and  Vol. 
XXV,  page  161. 
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One  other  point  is  suggested  by  Mr.  Gould's  paper.  Is  it  always 
safe  to  assume  tliat  the  earth  fill  back  of  a  dam  relieves  the  wall  of  a 
portion  of  the  j^ressure?  It  undoubtedly  does  so  under  favorable  con- 
ditions, but  is  it  safe  to  assume  this  in  practice  in  our  calculations? 
Considering  the  mass  saturated  to  a  semi-fluid  condition,  the  small 
angle  of  repose  will  surely  cause  a  greater  pressure  than  that  of  water 
alone. 

The  question  is  an  interesting  and  very  practical  one,  which  has 
api^arently  never  been  sufficiently  settled  to  result  in  a  uniform 
practice. 

Foster  CEOWELii,  M.  Am.  Soc.  C.  E. — The  point  the  author  has 
touched  on,  of  carrying  his  work  over  from  a  rock  foundation  to  the 
earth,  is  one  which  comes  up,  not  only  in  dams,  but  often  in  other 
structures.  Some  little  exijerience  I  have  had  in  that  direction  teaches 
me  to  think  that,  if  we  leave  out  of  consideration  the  question  of  keep- 
ing the  lower  j^art  of  the  foundation  tight  against  water,  and  only  con- 
sider the  question  of  the  relative  resistance  of  the  earth  strata  and  the 
rock-bed  to  vertical  pi-essure,  a  cushion  of  sand  extending  over  both 
for  a  short  distance,  of  sufficient  depth  to  distribute  the  pressure,  and 
wide  enough  to  minimize  the  unit  strain  on  the  soft  material,  is  effectual. 
I  have  done  that  with  several  heavy  structures,  and  have  had  no  trouble 
whatever,  any  tendency  to  crack  being  distributed  over  such  a  length 
of  wall  that  no  harm  results.  I  do  not  know  whether  the  author  of 
the  paper  resorted  to  that  in  this  case  or  not;  and  I  would  like  to  ask 
his  judgment  concerning  it,  assuming  that  by  benching  into  the 
natural  formations,  and  sealing  the  sand  cushion  on  the  side  with  con- 
crete, the  question  of  percolation  can  be  eliminated. 

Charles  Macdonald,  M.  Am.  Soc.  C.  E. — When  the  author  of  the 
paper  speaks  of  coarse  sand  as  being  the  best,  there  may  be  room  for 
a  decided  difference  of  opinion  in  view  of  the  results  obtained  by  what 
is  known  as  the  Danish  process,  in  which  sand  and  cement  are  first 
ground  together,  and  then  this  sand-cement  mixed  with  coarse  sand. 
It  has  been  stated  by  parties  interested  in  the  process  that  consider- 
able economy  in  cement  may  be  effected  by  this  combination. 

It  would  certainly  seem  reasonable  to  assume  that  the  smaller  the 
void  spaces  between  the  particles  of  sand,  the  less  cement  would  be 
reqiiired. 

R.  W.  Lesley,  Assoc.  Am.  Soc.  C.  E. — If  I  am  not  mistaken  it  was 
at  the  time  the  author  was  constructing  these  dams  that  he  made  some 
comparative  tests  of  sand.  I  thought  it  was  a  most  ingenious  thing 
to  do.  My  recollection  was  that  the  contractors  were  getting  sand 
from  some  distant  point,  and  that  they  wanted  to  use  some  sand  that 
was  found  near  the  work,  and  that  he  took  standard  sand  and  tested 
it  with  the  brand  of  cement  he  was  using,  and  then  made  other  tests, 
with  the  same  cement,  of  the  other  two  sands  referred  to,  and  that  as 
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a  result  of  these  experiments  it  was  found  that  as  compared  with  the 
standard  sand,  the  sand  found  near  the  work  was  the  best  one  for  use.  I 
have  often  spoken  of  this  matter  of  testing  sand,  and  I  think  the  author 
was  the  first  man  that  ever  did  it.  I  thought  it  was  a  very  ingenious 
way  of  determining  the  question.  We  have  made  some  experiments 
with  sand  and  some  cement  that  was  sent  us  and  got  excellent  results, 
but  examining  it  in  a  commercial  way,  the  conclusion  was  that  the  sand 
process  used  in  Denmark,  where  they  have  no  natural  cements,  and,  I 
am  told,  very  little  lime,  would  be  of  much  more  value  in  that  country 
than  here.  The  admixtures  in  mortar  gave  results  at  28  days  very 
closely  approximating  in  strength  and  in  cost  the  results  gotten  from 
our  nafciiral  cements  with  sand  mixtures,  and  while  the  results  in  both 
cases  were  excellent,  the  net  cost  of  a  mortar  composed  of  sand  cement, 
the  mortar  being  of  a  given  strength,  would  not  be  any  cheaper  than  a 
mortar  with  natural  cements.  The  process  has  some  very  interesting 
features,  but  from  the  commercial  side  we  could  not  see  where  the 
commercial  advantage  was  in  a  country  where  we  have  such  ex- 
cellent natural  cements  as  we  have  here.  In  Denmark,  where  the 
natural  cements  do  not  exist,  it  is  of  commercial  value.  In  the  United 
States,  however,  natural  cements,  which  with  2  or  3  parts  of  sand,  will 
be  as  strong  as  a  commercial  sand-cement  in  equal  sand  mixtures,  can 
be  made  cheaper  than  the  sand-cement  which  requires  the  washing  and 
drying  of  the  sand  and  the  grinding  of  the  same  with  Portland  cement 
clinker  to  fit  it  for  the  market. 

F.  CoLMNGWOOD,  M.  Am.  Soc.  C.  E.— The  question  of  pointing  has 
been  referred  to  in  this  discussion.  There  is  one  very  important  thing 
to  be  remembered  in  this  connection,  that  it  is  not  safe  to  do  pointing 
after  frosts  begin  in  the  fall.  The  experience  on  the  East  River  Bridge 
was,  that  failure  was  quite  sure  to  result  if  this  were  done.  The  joints 
should  be  absolutely  free  from  dirt,  sand,  or  fragments  of  mortar,  and 
thoroughly  wet  before  the  pointing  is  inserted.  In  very  high  struct- 
ures still  another  precaution  must  be  taken.  In  such  cases  a  sensible 
comijression  takes  jjlace  in  the  joints,  and  if  the  arises  be  cut  sharp, 
and  the  pointing  done  before  the  masonry  above  has  obtained  much 
height,  the  compression  will  surely  cause  spalling  and  disfigurement. 
This  was  the  case  on  the  lower  portion  of  the  Washington  Monument. 
In  the  iipper  portion  the  rule  was  adopted  of  slightly  beveling  the 
horizontal  joints  for  about  1  in.  back  from  the  face,  and  no  pointing 
was  done  until  at  least  40  ft.  of  masonry  was  built  above.  On  the 
part  thus  built  no  spalling  has  occurred. 

In  the  Vyrnwy  Dam,  the  pointing  was  from  3  to  6  ins.  deep,  and  it 
was  kept  back  i  to  J  in.  from  the  face. 

AiiEXANDEK  PoTTEK,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — There  is 
one  point  on  which  the  author  did  not  touch  in  his  paper,  namely,  the 
practicability  of  altering  the  location  of  the  railroads  on  either  side  of 
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the  reservoir  instead  of  constructing  expensive  retaining  walls  to  pro- 
tect them. 

From  the  rear  of  the  train  in  passing  the  point  in  qiiestion  there 
seems  to  be  no  iinsurmountable  engineering  difficulty  in  the  way, 
excepting  probably  that  of  grades.  The  author  states,  however,  that 
at  the  dam  the  grade  of  the  road  is  but  1  ft.  per  100,  which  is  much  less 
than  the  average  grade  of  the  Delaware,  Lackawanna  and  Western  from 
Scranton  to  a  point  beyond  the  darn.  The  cost  of  these  retaining  walls 
would  reconstruct  many  thousand  feet  of  railroad,  and  at  the  same 
time  would  remove  the  danger  which  the  author  himself  considers 
within  the  range  of  possibility.  The  writer  has  no  doiibt  that  the 
author  had  excellent  reasons  for  not  changing  the  roadbed  of  these 
railroads,  but  thinks  that  some  mention  should  be  made  of  why  it  was 
not  done. 

In  regard  to  the  crack  in  the  wall  along  the  I)elaware,  Lackawanna 
and  Western  tracks  a  somewhat  similar  crack  occurred  in  the  Beetaloo 
Dam,  described  in  the  llinutes  of  Proceedings  Inst.  C.  E.,  Vol.  OXIII. 
WTiile  stating  that  three  different  causes  might  have  produced  this  de- 
fect in  the  dam,  namely,  settlement  of  foundation,  contraction  due  to 
temperature  and  earthquake,  the  engineer  in  charge  advanced  the 
theory  "that  the  shale  bands  which  are  wider  at  the  higher  levels  of  the 
western  end  of  the  dam  (the  cracked  end)  than  at  any  other  point 
became  saturated  with  water,  swelled  and  lifted  the  western  end  up- 
wards and  outwards." 

The  exact  nature  of  the  crack  and  the  method  of  closing  it  is  fully 
descx'ibed  in  the  paper  referred  to. 

The  author's  suggestion  that  the  raking  oixt  and  pointing  of  masonry 
work  be  left  until  after  the  reservoir  has  been  filled  is  an  excellent  one, 
as  without  doubt  many  reservoirs  remain  perfectly  tight  only  as  long 
as  the  plastering  remains  in  the  joints. 

The  only  objection  that  could  be  raised  is  that  with  the  larger 
reservoirs,  when  once  filled,  a  strong  feeling  usiially  exists  among  the 
local  people  that  it  will  be  impossible  to  fill  it  again,  and  so  the  point- 
ing goes  by  default. 

E.  Sherman  Gould,  M.  Am.  Soc.  C.  E. — Replying  seriatim  to  those 
who  have  discussed  my  paper,  I  would  say  that  the  details  furnished 
by  Mr.  Worthen  of  the  construction  of  the  Cohoes  Dam  are  very  inter- 
esting, and  I  am  glad  that  some  description  of  this  important  work  has 
been  called  forth.  The  low  facing  wall  of  comjiosite  construction, 
shown  in  the  figure  as  being  placed  against  the  old  crib  structure, 
differs  widely  in  character,  however,  from  the  retaining  wall  built  along 
the  Delaware,  Lackawanna  and  Western  track  in  the  Dunning's  Dam. 
This  latter  wall  stands,  for  a  great  j^art  of  its  length,  entirely  exj^osed 
on  its  top  and  both  sides  to  the  changes  of  temperature,  and  is,  more- 
over, lighter  in  section,  so  that  it  can  be  easily  penetrated  by  heat  and 
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cold.  It  is,  besides,  perfectly  comisact  and  homogeneous,  tlie  only  ex- 
ception to  this  statement  being  the  fact  that  the  coping  is  of  larger 
stones  than  those  in  the  wall  immediately  below  it,  and  partakes,  aS 
coping  necessarily  must,  somewhat  of  the  nature  of  a  superadded  and 
independent  j)iece  of  work.  It  may  be  readily  imagined  that  a  struct- 
ure made  up,  as  the  Cohoes  wall  w^as,  of  three  or  four  different  classes 
of  work,  which  it  would  be  imj^ossible  to  bond  together  as  thoroughly 
as  if  composed  throughout  of  only  one  class,  should  offer  a  certain 
amount  of  play  within  itself,  and  thus  take  up  any  exjDansion  or  con- 
traction which  might  occur. 

My  thanks  are  due  to  Mr.  W.  E.  Hutton  for  his  clear  appreciation 
of  the  peculiar  difficiilties  with  which  the  construction  of  the  dam 
was  surrounded,  and  of  the  means  adopted  to  overcome  them. 
The  possible  softening  of  the  ground  on  which  the  long  retaining  wall 
stands,  referred  to  by  Mr.  Hutton,  was  certainly  the  most  serious 
cause  for  apprehension  in  regard  to  this  feature  of  the  work.  The 
design  upon  which  this  wall  was  built  has,  however,  proved  itself  to 
be  entirely  adequate.  The  precaution  of  a  transverse  joint  at  certain 
distances,  adopted  by  the  Dock  Department  of  New  York,  was  inad- 
missible in  the  present  case,  and  the  only  thing  to  do  was  to  found 
and  build  the  wall  as  well  as  possible,  and  let  it  take  its  chances 
as  to  expansion  and  contraction.  Perhaps  introducing  occasional 
short  returns,  or  offsets,  would  be  advantageous  in  such  walls. 

As  regards  the  arrangement  of  gate-houses  referred  to  by  Mr. 
Hutton  as  having  been  adopted  by  French  engineers  and  others,  I  am 
in  hopes  that  a  careful  study  of  the  plans  accompanying  my  paper 
may  convince  others,  as  I  was  fully  convinced  myself,  that  the  system 
therein  shown  is  greatly  suj^erior  to  the  one  suggested.  It  will  be 
seen  by  the  plans  and  description  that  the  "  gate-house"  referred  to 
as  being  placed  at  the  foot  of  the  inner  slope  of  the  embankment  has 
been  advanced  in  the  Dunning's  Dam  till  it  comes  into  actual  contact 
with  and  forms  jaart  of  the  main  dam  itself.  By  this  means  access  is 
obtained  to  the  "tower  "  (as  I  have  termed  it)  without  the  need  of  a 
bridge  or  a  boat.  Great  strength  is  also  secured,  and  the  danger  of 
injury  or  destruction  to  an  isolated. tower  standing  far  out  in  the 
reservoir  from  ice  and  other  causes  wholly  avoided.  I  called  especial 
attention  to  this  because  it  seemed  to  be  worthy  of  careful  considera- 
tion. It  will  be  seen  that  the  "more  detailed  regulation  "  was  accom- 
plished in  the  way  referred  to  by  Mr.  Hutton.  Only  I  had  two  sets  of 
stop-cocks  instead  of  one,  and  two  vaults,  or  gate-houses,  Avhich  were 
built  separately  and  connected  by  a  short  gallery,  which  separation  I 
now  consider  unnecessary,  and  in  another  case  would  certainly  make 
a  careful  study  for  a  plan  uniting  the  two  sets  of  gates  in  one  gate- 
house, although  such  study  might,  after  all,  lead  me  back  to  my  orig- 
inal design. 
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As  Mr.  James  Owen  instances,  an  impervious  dam  may  be  built  of 
pure  white  sea  sand,  provided  the  escape  of  the  sand  can  be  prevented. 
It  is  in  this  way  that  the  dams  used  for  flowing  the  cranberry  bogs  in 
South  Jersey  are  built.  A  trench  is  dug  through  the  muck  down  to 
the  underlying  white  sand,  on  each  side  of  which  a  wall  of  sods  or 
"  floats  "  is  placed,  and  the  interval  between  these  walls  filled  in  with 
sand  of  the  same  character  as  the  subsoil.  The  result  is  perfectly 
satisfactory. 

The  remarks  and  examjiles  contribiited  by  Mr.  Kenneth  Allen  are 
interesting  and  vahiable.  I  am  inclined,  on  general  principles,  to 
l^refer  a  stepped  face  for  the  overflow,  wherever  i?racticable,  for  the 
reasons  stated  in  the  paper.  Each  case,  however,  should  be  studied 
separately  in  view  of  the  varying  conditions.  One  fact,  however,  will 
always  remain,  and  that  is  that  there  is  safety  in  a  wide  and  substan- 
stantial  aj^ron  extending  well  beyond  the  foot  of  the  dam  proper,  un- 
less it  stands  iipon  rock  so  solid  as  to  render  this  precaution  unneces- 
sary. 

As  regards  the  question  whether  an  earthen  embankment  relieves  a 
wall  of  a  portion  of  the  water  pressure,  I  think  there  can  be  no  doubt 
that  it  does  relieve  it.  The  theory  sometimes  advanced,  that  the  bank 
should  be  considered  as  saturated  and  semi-fluid,  and  therefore 
augmenting  rather  than  diminishing  the  pressure  upon  the  wall,  is  best 
opposed,  I  think,  by  the  fact  that  many  dams  are  built  wholly  of  earth, 
and  so  far  as  I  know  they  resist  very  well,  when  not  overtopped  by 
floods,  or  penetrated  by  water  folloAviug  the  j^ipes  or  culverts  running 
through  them.  I  do  not  recollect  hearing  of  one  failing  by  slowly 
melting  away  from  end  to  end,  which  would  be  the  case  if  it  become 
saturated  and  semi-fluid.  I  consider,  therefore,  that  a  good  earthen 
backing-is  an  element  of  safety  to  a  masonry  dam,  although  our  calcula- 
tions should  never  be  run  so  fine  as  to  include  an  allowance  for  dimin- 
ished thrust  against  the  wall,  for  the  object  of  the  bank  is  rather  to 
l^revent  leakage,  shock  and  variation  of  stress,  than  to  lessen  pressure. 

I  did  not  try  the  expedient  suggested  by  Mr.  Foster  Crowell,  of 
covering  the  junction  of  the  rock  and  earth  foundations  with  a  cushion 
of  sand,  -wdth  the  view  of  distributing  the  pressure  more  evenly.  I 
think  that,  with  proper  precautions,  a  more  even  bearing  might  be 
thus  obtained,  but  I  should  be  very  averse,  after  reaching  rock,  to 
cover  it  over  again  with  a  less  solid  material.  I  would  take  what  rock 
I  could  get,  and  be  thankful  for  it,  and  do  the  best  I  could  with  the 
earth,  preferring  to  have  a  part  better  than  the  whole  rather  than 
reduce  the  whole  to  a  uniform  inferiority. 

The  remarks  of  Mr.  Charles  Macdonald  aj^ply  to  a  subject  brought 
out  in  the  oral  discussion,  and  not  forming  jjart  of  the  paper.  I  be- 
lieve that  the  better  results  usually  obtained  with  coarse  sand  are  due 
to  the  fact  that  a  given  volume  of  coarse  sand  contains  more  voids, 
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and,  therefore,  more  cement  than  an  equal  volume  of  fine  sand.  If 
just  enough  cement  were  added  to  a  certain  volume  of  coarse  sand  to 
exactly  fill  the  voids,  to  just  saturate  it,  so  to  speak,  it  would  be  found 
that  a  smaller  quantity  of  cement  would  sufiice  to  saturate  an  equal 
volume  of  fine  sand,  because  the  volume  of  the  voids  would  be  smaller. 
A  briquette  made  from  the  coarse  mixture  might,  therefore,  be  reason- 
ably expected  to  "pull"  higher  than  the  other,  because  it  would 
contain  more  cement. 

Mr.  B.  W.  Lesley  is  correct  in  the  matter  of  the  sand  test  made  to 
determine  the  relative  value  of  two  different  kinds  of  sand.  I  doubt, 
however,  if  I  can  claim  to  be  the  first  to  use  a  testing  machine  for  this 
purpose,  because  it  seems  a  very  natural  thing  to  do  when  doubt 
exists  as  to  the  quality  of  the  sand.  In  the  jsresent  case,  it  some- 
what oddly  happened  that  the  sand  which,  judged  by  its  apjjearance, 
should  have  been  inferior,  proved  to  be  superior  to  the  other  when 
actually  tested. 

There  can  be  no  doubt  that  Mr.  Collingwood  is  perfectly  correct  in 
saying  that  pointing  should  not  be  done  in  freezing  weather.  It  is  a 
difficult  job  at  best,  and  all  conditions  should  be  favorable  when  it  is 
undertaken. 

As  Mr.  Alexander  Potter  suggests,  the  necessity  of  a  retaining  wall 
would  have  been  obviated  by  shifting  the  track  of  the  railroad  suffi- 
ciently up  hill,  and  there  would  have  been  no  engineering  difficulty  in- 
volved in  doing  so.  Other  reasons,  however,  in  the  present  case,  made 
this  expedient  appear  impracticable,  and  although  it  was  suggested 
to  me  at  the  time  as  a  possible  solution  for  the  problem,  the  idea 
was  not  entertained. 
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KAILROAD  SIGNALING.— THE  BLOCK  SYSTEM. 


By  John  P.  O'Donnell,  M.  Am.  Soe.  C.  E. 
Eead  at  the  Axndal  Contention,  June,  1894. 


WITH  DISCUSSION. 

It  ■n-ill  be  the  endeavor  of  the  author  in  the  coiu'se  of  this  i^aper  to 
trace  the  various  stages  and  developments  which  not  only  led  to  the 
ordinary  block  •forking  on  railways,  as  now  generally  in  use,  but  also 
to  the  introduction  of  the  interlocking  system,  which,  in  combination 
or  union  with  the  block  system,  seems  likely  to  be  the  signaling  of  the 
future. 

In  viewing  the  past  history  of  the  block  system,  it  appears  strange 
to  us  to  think  that  such  strenuous  opposition  was  offered  to  the  intro- 
duction of  even  the  earliest  and  most  simple  forms  of  block  working. 
The  author  will  endeavor  to  abridge  the  records  as  far  as  they  are 
obtainable  from  papers  and  discussions  laid  before  the  various  institu- 
tions, and  from  published  pamphlets,  and  compare  the  general  con- 
sensus of  opinion  at  the  various  times  and  dates  of  these  papers  with 
the  various  systems  in  operation  at  the  present  date. 
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Tlie  opposition  to  the  introduction  of  tlie  block  system  seems  par- 
allel to  the  opposition  offered  to  the  earliest  railways,  and  althoiigh 
the  i^ioneers  of  railways  had  greater  obstacles  to  overcome  than  those 
who  have  endeavored  to  persuade  the  railway  companies  for  their  own 
benefit  to  adopt  the  block  system,  yet  improvements  on  the  latter 
have  not  been,  curiously  enough,  generally  introduced  until  the  stipu- 
lated number  of  years  of  the  life  of  the  various  patents  have  elapsed. 

Although  this  may  appear  a  strange  coincidence,  yet  it  can  be 
accounted  for  by  the  general  hesitation  of  managers  and  other  respon- 
sible officials  to  enter  upon  what  aj)peared  to  them  to  be  an  experiment 
or  new  departure.  The  earliest  record  of  the  introduction  of  railways 
is  probably  that  given  in  the  life  of  Lord  Kee^ier  North,  from  which 
it  appears  tramways  were  first  made  use  of  about  the  year  1670, 
for  transporting  coal  from  the  mines  near  Newcastle-on-Tyne  to  the 
place  of  shipment.  These  at  first  consisted  of  wooden  rails  or  trams 
imbedded  in  the  road,  to  which  a  second  wooden  rail  was  afterwards 
added,  to  facilitate  repairs  and  renewals;  and  these  wooden  rails  were 
later  covered  with  malleable  iron  to  reduce  friction.  This  last  ad- 
vance was  made  about  the  year  1716. 

In  approximately  another  hundred  years  the  locomotive  steam 
engine  was  in  use,  and  railways  as  now  understood  were  inaugurated 
with  the  opening  of  the  Stockton  and  Darlington  Railway  on  the  27th 
of  September,  1825.  It  will  bo  observed  that  something  like  one  hun- 
dred and  fifty  years  were  absorbed  in  obtaining  the  most  out  of  the 
introduction  of  the  tramway  in  1670,  and  that  improvements  were 
slow  to  be  adopted. 

Since  1825,  the  locomotive  and,  the  track  have  remained  sub- 
stantially the  same,  and  the  author  will  endeavor  to  trace  a  parallel  in 
the  block  working  of  railways,  the  several  stages  of  improvements 
and  the  final  result  being  a  little  inore  than  an  ami>lification  of 
the  devices  and  ideas  laid  down  in  the  initial  stages.  The  railroads  in 
their  infancy  met  with  great  opposition;  survey  parties  went  out 
armed,  and  often  during  the  night,  and  Mr.  Vignoles,  the  celebrated 
engineer,  tells  how  he  was  arrested  while  making  a  moonlight  survey 
and  brought  before  a  magistrate  (Mr.  Bradshaw}  on  a  jaretended  charge 
of  night  poaching. 

Mr.  Vignoles,  in  his  address  to  the  Institution  of  Civil  Engineers 
(England),  in  1870,  mentions  this  fact,  and  expresses  his  belief  that 
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the  acquaintance  (and  subsequently  the  assistance)  of  Mr.  Bradsliaw, 
brought  about  in  the  manner  above  cited,  assisted  largely  in  overcom- 
ing the  oi^position  on  the  part  of  the  Marquis  of  Staflbrd  and  his  family 
to  the  Liverpool  and  Manchester  Railway. 

As  the  number  of  trains  on  railways  became  larger,  it  was  recog- 
nized that  it  was  necessary  to  establish  some  kind  of  system  to  mini- 
mize the  risk  of  collisions  from  their  regular  working  of  trains.  The 
first  idea  suggested  was  to  allow  an  interval  of  time  to  elapse  between 
the  i3assing  of  trains  at  given  points,  generally,  for  the  sake  of  con- 
venience, the  stations;  and,  singularly  enough,  most  American  lines 
have  not  advanced  beyond  this. 

It  might  here  be  pertinent  to  ask  the  following" questions: 

What  is  the  Block  System? 

What  is  the  Inteklocking  System  ? 

What  is  the  Union  of  the  Lock  and  Block  Systems  ? 

What  is  an  Automatic  Block  System  ? 

Taking  these  questions  in  their  order,  the  block  system,  as  we  under- 
stand the  words,  means  maintaining  a  space  interval  between  trains  on 
the  same  pair  of  rails.  For  space  intervals  svibstitute  "block"  or 
"  section,"  and  we  have  it  that  a  clear  block  or  section,  or,  as  the 
American  Eailroad  Association  puts  it,  "  a  length  of  track  of  defined 
limits,"  is  maintained  between  trains.  The  American  Railroad  Asso- 
ciation in  its  rules  has  not  defined  "the  defined  limit,"  and  as  this 
appears  an  important  question,  and  one  that  has  led  to  some  discus- 
sion, perhaj^s  the  author  may  be  excused  in  stating  what  appears  to 
him  to  be  the  true  definition  of  a  block  section.  A  block  section  is 
the  whole  of  the  track  from  the  most  advanced  signal  in  a  section  to 
the  most  advanced  signal  in  the  section  ahead.  Briefly,  it  is  the  whole 
of  that  part  of  the  railroad  on  which  visual  signals  will,  if  obeyed, 
prevent  the  entrance  of  a  train  into  the  section  ahead. 

The  object  of  the  block  system  in  maintaining  an  interval  of  space 
between  trains  is  to  prevent  collisions,  and  Dr.  Johnson  defines  the 
word  collision  as  an  act  of  "striking  together";  the  word  together 
sums  up  the  situation,  for  in  order  to  efi'ect  a  collision  two  bodies 
(frequently  moving  at  high  velocities)  must  be  brought  into  contact 
with  each  other.  It  clearly  requires  little  reasoning  that  a  collision 
cannot  occur  with  one  train  only  (such  train  to  be  provided  with 
automatic   brakes,    and  assuming  their   working   is  correct)  ;   and   it 
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further  follows,  by  a  parity  of  reasoning,  that  if  the  next  following- 
train  on  the  same  rails  is  always  kept  a  length  of  track  of  "defined 
•  limits"  apart  from  the  ijreceding  train,  the  act  of  striking  together 
(as  Dr.  Johnson  puts  it),  or  collision,  of  the  two  trains,  cannot  under 
any  circumstances  occur. 

Next,  what  is  an  interlocking  system?  An  interlocking  system  is 
intended  to  jjrevent  conflicting  switches  from  1  eing  opened  at  the 
same  time,  conflicting  signals  from  being  at  "safety"  at  the  same 
time,  and  conflicting  signals  and  switches  from  being  operated  at  the 
same  time.  The  interlocking  system  is  distinguished  from  the  block 
system  in  so  far  that  it  is  intended  to  jDrovide  safety  only  in  the  section 
in  which  it  is  aj)j)lied.  A  block  system  by  itself  is  of  considerable 
value  where  no  switches  are  connected  with  the  passenger  roads.  Again, 
an  interlocking  system,  as  jireviously  stated,  affords  safety  in  its  own 
section.  Neither  one  is  complete  without  the  other,  even  where  the 
two  are  separately  installed.  The  legitimate  amount  of  safety  which 
the  public  has  a  right  to  expect  is  not  afforded. 

This  leads  us  to  the  third  question,  what  is  meant  by  the  union  of  the 
lock  and  block  systems?  The  union  of  the  lock  and  block  systems  is 
the  interlocking,  or  interdependence  or  amalgamation,  of  the  block 
system  as  a  whole  and  the  interlocking  system  as  a  whole.  Here  it 
might  be  w^ell  to  ask,  what  result  does  the  present  so-called  lock  and 
block  system  give  us?  For  a  block  system,  pure  and  simple,  a  home 
signal  and  a  distance  signal  must  be  provided;  but,  for  the  purpose  of 
this  third  question,  let  us  suppose  a  starting  signal  is  added.  This,  or 
its  operating  lever,  is  electrically  controlled  by  the  section  in  advance 
in  any  of  the  known  lock  and  block  systems.  We,  therefore,  do  not 
derive  any  substantial  benefit  from  the  interlocking  system,  for 
there  is  practically  no  interlocking  in  the  ordinary  sense  of  the  word 
included  in  this  combination.  There  is  electrical  control,  certainly, 
but  the  advantages  of  the  mechanical  interlocking  of  switch  and  signal 
levers  is  not  attained. 

What  is  an  automatic  block  system  ?  The  American  Railroad  Asso- 
ciation defines  it  as  a  system  which  is  self-oiserative,  whether  by 
mechanical,  electrical,  pneumatic,  or  other  device.  The  meaning  is 
clear,  but  it  may  be  asked,  is  it  self-operative  ?  Does  not  the  train  com- 
mand the  section,  and  itself  actuate  all  the  signals  ?  It  would  appear 
that  strictly  speaking,  the  word  "automatic  "  in  this  application  is  a 
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misnomer.  Would  it  not  be  better  to  call  it  "  non-manual  "  or  "train- 
operating  block  system"  ?  Any  power  system,  whether  mechanical, 
electrical,  pneumatic  or  hydraulic,  may  be  classed  as  "manual." 
The  difference  is  between  those  that  depend  upon  human  agency  for 
the  initial  ojaeration,  and  those  that  do  not.  The  author  begs  leave  to 
dissent  from  the  American  Eailroad  Association's  description  of  a 
"home  block  signal."  The  author,  having  raised  ample  matter  for 
discussion,  will  now  give  a  retrospective  sketch  of  block  working. 

In  December,  1839,  Messrs.  Cooke  &  Wheatstone  induced  the  Great 
"Western  Railway  to  telegi*aph  the  arrival  and  departure  of  their  trains 
from  station  to  station  between  Paddington,  West  Drayton  and  Han- 
well.  In  1841  the  same  gentlemen  introduced  separate  instruments 
for  signaling  the  trains  each  way,  these  instruments  showing  at  a 
glance  whether  the  line  was  "clear"  or  "blocked."  These  instruments 
were  provided  with  pins  to  hold  the  needles  over  to  either  side  so  that 
the  needle  would  show  "  line  clear"  or  "line  blocked,"  as  desired; 
practically,  so  far  as  the  result  aimed  at  is  concerned,  this  remains  the 
accepted  system  of  to-day  in  Great  Britain.  Bells  were  also  added, 
and  as  early  as  1841  the  principle  of  the  block  system  of  the  present 
day  was  established. 

The  great  credit  of  introdiicing  the  block  system,  as  it  is  now  under- 
stood and  worked,  is  due  to  Sir  William  Fothergill  Cooke,  who,  as  Mr. 
Cooke  in  1842,  jjublished  his  pamphlet  entitled  "  Telegraphic  Rail- 
ways, "in  which,  specifically,  the  leading  principles  of  the  block  system 
were  explained. 

It  is  curious  in  following  the  opening  of  this  i^amphlet  to  read  that 
Sir  William  Cooke  had  two  objects  in  publishing  it.  The  fii-st  was — 
"To  add  to  the  safety  and  efficiency  of  railway  communication,  by 
means  not  more  but  less  expensive  than  those  now  adopted"  (1842).  The 
second  was  "  to  overcome  some  objections  to  the  formation  of  auxiliary 
single  lines,  by  suggestions  calculated  to  give  them  the  safety  and 
efficiency  supposed  to  be  exclusively  within  the  reach  of  double  lines." 
Sir  William  Cooke  states  that  :  "It  is  j^roposed  to  accomplish  these 
objects  by  the  electric  telegi-aph,  the  application  of  which  is,  it  is 
hoped,  clearly  explained  in  the  subjoined  statement. "  Further  he  says 
that:  "It  may  be  con.sidered  that  the  maximum  degree  of  safety  and 
efficiency  attainable  by  subsidiary  regulation  is  already  secured  on 
the  great  double  lines  of  railway,"  and  that  "to  the  comparatively  high 
degree  of  safety  noAv  obtained  in  railway  traveling  (1842)  dej^ending 
then,  as  I  have  said,  upon  the  vigilance  and  imnctuality  in  the  conduct 
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of  the  trains,  it  is  proposed  to  superadd  a  physical  certainty  of  their 
relative  places  on  the  line  at  any  moment." 

Sir  William  Cooke,  in  the  course  of  his  paper,  described  the  princi- 
ples and  action  of  the  instruments  on  the  Blackwall  Eailway,  as 
follows  : 

"  The  principles  on  which  the  electric  telegraph  is  constructed  are 
founded  on  Oersted's  celebrated  discovei-y  that  a  magnetic  or  compass 
needle  may,  through  the  agency  of  a  voltaic  current,  be  invested  with 
an  artificial  polarity.  Thus,  as  a  natural  stream  of  electricity,  passing 
round  the  circumference  of  the  earth,  causes  magnetic  needles  in 
general  to  be  deflected  at  right  angles  to  its  course,  or  towards  the 
north  and  south  poles,  so  an  artificial  stream  of  electricity,  of  adequate 
strength,  will  cause  magnetic  needles,  placed  within  its  influence,  to 
be  similarly  deflected  at  right  angles  to  its  course,  whatever  that  may 
be.  If,  then,  a  magnetic  needle  were  placed  jjarallel  and  near  to  any 
part  of  a  conducting  wire,  which  we  will  suppose  to  be  laid  down 
between  London  and  Blackwall,  the  transmission  of  an  electric  current 
from  a  voltaic  battery  will  cause  the  needle  to  change  its  position  so 
as  to  stand  during  the  continuance  of  the  current  at  right  angles  to 
the  wire,  being  turned  in  one  direction  or  the  other,  according  to  the 
course  of  the  current.  If  this  deflection  of  the  needle  were  limited  by 
two  fixed  stops  placed  respectively  at  the  two  sides  of  one  of  its  poles 
the  motion  of  that  pole  to  one  stop  might  evidently  constitute  one 
signal  and  its  motions  to  the  other  stop,  another  signal. " 

"  The  annexed  engraving  (Plate  LX)  represents  some  of  the  Black  well 
Railway  instruments,  constructed  upon  the  jsrinciples  above  explained. 
The  signals  are  given  by  pointers,  each  suspended  vertically  on  an 
axis,  moving  freely  through  the  face  of  a  dial.  Behind  the  dial  a 
magnet  is  fixed  on  the  same  axis  as  the  pointer,  so  that  both  move 
together.  A  portion  of  the  conducting  wire  is  coiled  many  times 
longitudinally  round  a  frame,  in  which  the  magnet  moves,  so  as  to  sub- 
ject the  magnet  to  the  multiplied  deflecting  force  of  the  voltaic  cur- 
rent. The  motion  of  the  magnet  is  limited  at  both  sides  by  fixed 
stops.  Now,  suppose  three  of  these  very  simple  instruments,  included 
in  the  same  conducting  wire,  to  be  placed  one  at  the  Minories,  a. 
second  at  Blackwall,  and  the  other  at  some  third  point.  The  general 
efiiect  of  this  arrangement  would  be  that  the  transmission  of  electricity 
along  the  conducting  wire,  and  therefore  through  the  convolutions  of 
wire  surrounding  the  respective  magnets,  would  deflect  those  magnets 
with  a  sudden  and  decided  motion  to  one  of  the  stops,  and  cause  the 
exterior  pointers  to  indicate  corresjjonding  and  simultaneous  signals 
upon  the  dials  of  the  three  instruments.  Each  instrument  is  provided 
with  a  battery,  and  a  handle,  by  which  a  porter  or  policeman  is  en- 
abled at  pleasure  to  connect  the  conducting  wire  with  his  battery.     By 
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moving  the  handle  to  the  right  or  left,  either  of  the  signals  can  be 
instantaneously  transmitted  from  any  one  of  the  instruments  to  all  the 
others,  vhich,  by  means  of  their  own  handles,  have  the  power  of  send- 
ing back  signals  in  reply,  correctness  being  ensured  by  the  simultane- 
ous aijpearance  of  the  signal  in  the  instrument  of  the  operator  and 
that  of  the  recipient.  The  transmission  of  intelligence  is  i^refaced  by 
sounding  a  bell  by  which  attention  is  obtained,  an  operation  effected 
through  the  agency  of  the  voltaic  current. " 

The  engraving  also  represents  one  of  the  instruments  upon  the 
Edinburgh  and  Glasgow  Railway,  being  a  combination  of  two  of  the 
above  elementary  telegraphs.  Each  needle  is  here  worked  by  its 
distinct  handle.  By  the  single  movements  of  the  pointers,  the  figures 
2,  3,  4  and  5  may  be  given.  If  the  two  pointers  are  made  to  converge 
ujiwards  at  the  same  time,  their  combined  indication  will  be  the  figure 
1 ;  or  if  they  converge  downwards,  8.  If  the  pointers  are  made  to  rest 
diagonally,  parallel  to  each  other  in  one  direction,  6;  in  the  other,  7  is 
indicated.  Eight  distinct  signals  are  thus  obtained,  which,  in  connec- 
tion with  a  code,  are  sufficient  for  all  ordinary  purposes.  By  combin- 
ing several  elementary  telegraphs,  any  number  of  signals  may  be 
obtained.  A  drawing  of  the  telegraph  employed  on  the  Great  "Western 
Eailway,  worked  by  keys,  and  having  a  iieculiar  arrangement  of  the 
condiicting  wires,  not  necessary  to  be  exi^lained,  is  subjoined  to  illus- 
trate this  point. 

Plate  LXI  illustrates  the  modern  single  needle  instrument  used 
for  block  working,  and  as  generally  in  use  in  England.  Fig.  1 
is  a  front  view,  showing  the  outside  appearance  of  the  instru- 
ment. Fig.  2,  a  front  view,  with  the  cover  and  that  part  of  the  case 
carrying  the  operating  handle  removed  ;  and  Fig.  3,  a  side  view. 

The  material  difference  in  principle  in  this  instrument  to  that  intro- 
duced by  Messrs.  Cooke  &  Wheatstone  is  in  the  substitution  of  a 
soft  iron  armature  inside  the  coils  in  place  of  a  permanent  magnet,  and 
the  addition  of  a  comparatively  large  permanent  magnet  outside  the 
coils  to  control  the  position  of  the  armature  when  no  current  is  passing 
through  the  coils.  Beyond  this,  the  imj^rovement  consists  in  the 
better  form  and  construction  of  the  instrument  in  its  various  details. 

The  instrument  in  its  j^resent  form  is  much  less  liable  to  be  affected 
by  lightning  or  earth  currents,  and,  if  affected,  will  only  be  momenta- 
rily so.  Should  the  polarity  of  the  permanent  magnet  be  reversed,  it 
would  not  affect  the  working  of  the  instrument. 
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Cooke  &  Wheatstone's  block  system  was  put  into  operation  on  the 
Norwich  and  Yarmouth  Railway  in  1844.  It  is  curious  that  in  this  in- 
strument the  exact  words  which  are  now  most  generally  adopted  in 
England,  viz.,  "line  clear"  and  "line  blocked,"  were  actually  em- 
ployed. 

Notwithstanding  the  efforts  made,  both  before  and  after  the  year 
1844,  it  is  curious  to  note  the  various  changes  which  took  place  in 
block  working  on  railways  before  the  present  system  was  adopted, 
which  is  practically  the  same  as  the  early  forms  described  by  Cooke  & 
Wheatstone. 

In  the  winter  of  1843^4  an  accident  occurred  on  the  Lickey  incline 
of  the  Birmingham  and  Gloucester  Railway;  and  as  a  consequence,  block 
working  was  introduced  and  carried  out  by  complete  telegraphic  mes- 
sages in  place  of  arbitrary  signs,  "line  clear"  and  "  line  blocked. " 

In  1851,  Mr.  C.  V.  Walker,  the  telegraphic  engineer  of  the  South- 
eastern Railway,  suggested  the  carrying  out  of  block  working  by  a 
code  of  rings  on  bells,  and  for  uj^wards  of  12  years  the  trains  of  the 
Southeastern  Company  were  worked  by  audible  electric  signals. 
Throughout  these  12  years  no  single  needle  instnxment  or  its  equiva- 
lent was  used,  the  whole  of  the  telegraphic  signaling  of  the  trains 
being  carried  on  exclusively  by  sound.  In  1855  the  same  company 
made  a  trial  at  Tunbridge  of  a  form  of  block  instrument  having  two 
miniature  semaphore  arms  in  place  of  the  needles.  This,  the  author 
believes  to  have  been  the  first  instance  where  an  attempt  was  made  to 
assimilate  the  block  instrument  with  the  outside  Adsual  signal. 

From  this  time  onward  the  block  systems  adopted  on  the  various 
railways  could  be  classed  in  two  divisions,  the  great  majority  using 
the  needle  instrument  as  described  by  Cooke,  the  remainder  employing 
the  semaphore  instrument  as  introduced  by  Mr.  Walker. 

In  the  comj^aratively  early  days  of  signaling  there  were  three 
papers  read  before  the  Institution  of  Civil  Engineers  (England)  on 
"Railway  Accidents."  The  first  by  Capt.  Hiiish,  in  1852;  the  next  by 
Sir  James  Brunlees,  and  the  last  by  Sir  Douglas  Galton,  R.  E. ,  F.  R.  S., 
the  last  two  papers  in  1861.  As  bearing  on  the  time  interval  of  block 
working,  Sir  James  mentions  the  Welwyn  accident  on  the  Great 
Northern  Railway.     He  says : 

"  On  the  Great  Northern  Railway  in  the  Welwyn  accident,  only  one 
train  out  of  four  which  were  concerned  keipi  its  time,  and  this  one  ran 
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into  anotlier  "vvliich  was  an  lioiir  too  late.  On  the  same  line  in  a  collis- 
ion at  Hatfield,  the  three  trains  concerned  were,  respectively,  3  hours 
10  minutes,  2  honrs  47  minutes,  and  1  hoiir  40  minutes  late.  In  an  ac- 
cident on  the  London  and  Southwestern  Railway,  a  jjassenger  train 
timed  to  run  26  miles  per  hoiir  was  started  two  minutes  after  a  goods 
train  timed  to  run  at  16  miles  per  hour,  and,  as  a  consequence,  the 
l^assenger  train  ran  into  the  goods  train  before  it  had  gone  4  miles  from 
the  starting  point.  The  number  of  instances  in  which  unpunctuality 
and  the  starting  of  one  train  too  soon  after  another  have  been  the 
cause  of  accidents  are  far  too  many  to  be  referred  to  separately.  The 
author  need,  however,  only  allude  to  the  Clayton  tunnel  accident  to 
illustrate  his  remarks  on  this  head. 

"  A  general  rule  has  been  laid  down  that  five  miniites  ought  to  elapse 
from  the  starting  of  trains  from  each  station,  but  this  cannot  be  made 
generally  applicable,  as  so  much  depends  on  the  class  of  trains  suc- 
ceeding each  other,  such  as  their  rates  of  speed,  or  there  being  stopping 
trains  or  otherwise.  In  many  instances  an  interval  of  five  minutes 
may  be  enough,  but  in  others  it  is  manifestly  insufl&cient,  for,  though 
trains  may  be  started  from  a  station  at  the  stated  intervals,  they  will, 
from  various  causes,  be  unable  to  preserve  the  same  distance  from  each 
other.  More  attention  is  required  to  this  point  than  to  that  of  their 
starting.  The  system  of  working  the  traffic  of  a  railway  by  allowing 
an  interval  of  time  between  the  trains  is  unsatisfactory  and  dangerous, 
and  far  inferior  to  that  of  allowing  an  interval  of  space." 

An  amusing  incident  bearing  on  time  interval,  showing  how  even  al- 
lowing an  enormous  latitude  is  not  sufficient,  came  under  the  author's 
notice.  A  train  started  from  a  terminus  on  Monday,  and  another  on 
the  following  Wednesday  (the  exact  hour  is  a  mere  detail),  and 
Wednesday's  train  collided  with  Monday's.  Sir  Douglas  Galton,  R. 
E.,  F.  R.  S.,  in  his  paper,  says  that  about  that  time  (1862)  between 
£100  000  and  £120  000  was  annually  paid  as  compensation  for  railway 
accidents. 

From  the  published  returns  for  the  year  1854  upon  accidents  in 
Great  Britain,  it  appears  there  were  85  accidents  specially  reported 
upon,  resulting  in  the  following,  viz. : 

Killed 233 

Injured 453 

of  which  numbers  283  suffered  in  collisions  between  trains.  Of  these 
■85  accidents  there  were  no  leas  than  52  which  arose  from  collisions,  or 
nearly  61.18%  of  the  accidents  from  all  causes. 

Compare  this  with  the  Board  of  Trade  returns  for  1893. 
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Summary  of  Accidents  and  Casualties  which  have  been  kepokted 
TO  the  Board  of  Trade  as  having  occurred  upon  the  Railways  in  the 
United  Kingdom  during  the  Year  ending  December  31st,  1893. 

1.  Accidents  to  Trains,  lioUing  Stock,  Pennanent  Wai/,  etc. — Acci- 
dents to  trains,  rolling  stock,  permanent  way,  etc.,  caused  the  death 
of  27  persons  and  injury  to  557  persons,  viz. : 


KiUed. 

Injured. 

Total  for  the  Year  1892. 

Killed. 

Injured. 

17 
10 

484 
73 

21 
9 

601 

Servants  of  companies 

92 

Total 

27 

557 

30 

693 

During  the  year  there  were  reported  27  collisions  between  passen- 
ger trains  or  parts  of  passenger  trains,  by  which  86  passengers  and  five 
servants  were  injured.  Forty-five  collisions  between  passenger  trains 
and  goods  or  mineral  trains,  etc.,  by  which  157  passengers  and  11  ser- 
vants were  injured.  Twenty  collisions  between  goods  trains  or  parts 
of  goods  trains,  by  which  one  servant  Avas  killed  and  17  were  injured; 
two  cases  of  trains  coming  in  contact  with  projections  from  other  trains 
traveling  on  i^arallel  lines,  by  which  one  servant  was  killed  and  three 
passengers  were  injured;  54  cases  of  passenger  trains  or  parts  of  jsas- 
senger  trains  leaving  the  rails,  by  which  15  passengers  and  five  servants 
were  killed,  and  82  passengers  and  11  servants  were  injured.  Eleven 
cases  of  goods  trains  or  parts  of  goods  trains  leaving  the  rails,  by 
which  one  servant  was  killed  and  two  were  injured;  seven  cases  of 
trains  or  engines  traveling  in  the  wrong  direction  through  points,  by 
which  one  servant  was  killed  and  five  passengers  and  one  servant  were 
injured;  23  cases  of  trains  running  into  stations  at  too  high  a  speed, 
by  which  121  passengers  and  five  servants  were  injured;  162  cases  of 
trains  running  over  cattle,  or  other  obstructions  on  the  line,  by  which 
one  person  was  killed  and  16  passengers  and  other  persons  were  in- 
jured; 40  cases  of  trains  running  through  gates,  at  level  crossings,  by 
which  one  passenger  was  killed  and  one  servant  and  two  other  persons 
were  injured;  four  cases  of  the  bursting  of  tubes  of  engines,  by  which 
one  servant  was  injured;  10  cases  of  the  failure  of  machinery,  springs. 
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etc.,  of  engines,  by  wliich  four  servants  were  injured;  468  cases  of 
failures  of  tires,  by  which  one  servant  was  injured;  18  failures  of 
coujjlings,  by  which  one  passenger  and  seven  servants  were  injured; 
one  case  of  the  failure  of  ropes  used  in  working  inclines,  by  which  one 
servant  was  injured;  four  cases  of  slips  in  ciittings  or  embankments,  by 
which  one  servant  was  killed  and  five  passengers  were  injured;  and  four 
other  accidents  by  which  four  passengers  and  five  servants  were  injured. 

Taking  the  enormous  increase  of  traffic  of  to-day,  as  against  the 
year  1854,  and  the  correspondingly  large  decrease  of  accidents,  is  it 
not  fair  to  jjlace  a  great  deal  of  the  credit  of  this  most  satisfactory  result 
to  the  employment  of  reliable  signaling  ?  Some  railway  managers 
think  that  the  latest  developments  of  signaling  tend  to  hamper  their 
traffic,  while  others,  that  the  cost  is  so  great  they  cannot  afford  it ;  but 
let  them  take  their  annual  accident  bill  and  capitalize  it  and  see  how 
large  an  amount  of  signaling  they  can  obtain  for  it  in  these  days  of 
keen  competition;  to  say  nothing  of  avoiding  the  discredit  of  accidents, 
while  being,  as  they  undoubted  would  be,  j)ioneers  in  safe  railway  travel- 
ing, and  if  they  are  philanthropic,  why  they  are  public  benefactors 
(not  to  the  contractors,  but  to  the  traveling  public). 

The  aiithor  gladly  avails  himself  of  this  opportunity  to  pay  his 
tribute  of  respect  to  the  forethought  and  impartial  conduct  of  the  in- 
specting officers  of  the  British  Board  of  Trade.  To  that  department 
the  British  public  owes  the  immunity  from  accidents  which  has  charac- 
terized the  management  of  British  railways  during  many  years  passed. 
The  first -rules  issiied  by  the  department,  so  far  as  the  author  is  aware, 
were  issued  by  the  Lords  of  the  Committee  of  the  Privy  Council  on 
April  29th,  1858.  The  much-discussed  question  of  interlocking  and 
the  supposed  credit  due  to  its  inventor  is  somewhat  discounted  by 
these  rules.  Even  safety  switches  were  enforced.  Year  by  year  addi- 
tions have  been  made,  culminating  in  the  Regulation  of  Railways  Act, 
passed  by  both  houses  of  the  British  Parliament  in  1889. 

It  might  interest  this  Society  to  give  the  leading  features  in  regard 
to  signaling  in  the  latest  rules  issued,  August,  1892,  by  the  British 
Board  of  Trade.     They  are  as  follows: 

B.  — Requirements. 

First. — The  requisite  apparatus  for  providing  by  means  of  the  block 
telegraph   system   an  adequate  interval   of   space   between  following 
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trains,  and,  in  tlie  case  of  junctions,  between  converging  or  crossing 
trains.  In  the  case  of  single  lines  worked  by  one  engine  under  steam 
(or  two  or  more  coupled  togetlier)  carrying  a  staff,  no  sucli  apparatus 
will  be  required. 

Second. — Home  signals  and  distance  signals  for  each,  direction  to  be 
fixed  at  stations  and  junctions,  with  extra  signals  for  such  dock  or  bay 
lines  as  are  used  either  for  the  arrival  or  departure  of  trains,  and 
starting  signals  for  each  direction  at  all  passenger  stations  which  are 
also  block  posts.  On  passenger  lines  all  cross-over  roads  and  all  con- 
nections for  goods,  mineral  lines  and  sidings  to  be  protected  by  home 
and  distance  signals,  and,  as  a  rule,  at  all  important  running  junctions 
a  separate  distance  signal  to  be  provided  in  connection  with  each 
home  signal. 

Signals  may  be  dispensed  with  on  single  lines  under  the  following 
conditions : 

(a)  At  all  stations  and  siding  connections  ujjon  a  line  worked  by 
one  engine  only  (or  two  engines  coupled  together),  carrying  a  staff, 
and  when  all  points  are  locked  by  such  staff. 

(6)  At  any  intermediate  siding  connection  upon  a  line  worked  under 
the  train  staff  or  ticket  system,  or  under  the  electric  staff  or  tablet 
system,  where  the  points  are  locked  by  the  staff"  or  tablet. 

(c)  At  intermediate  stations  which  are  not  staff  or  tablet  stations 
upon  a  line  worked  under  the  electric  staff  or  tablet  system,  sidings, 
if  any,  being  locked  as  in  b. 

Third. — The  signals  at  junctions  to  be  on  separate  posts  or  on 
brackets  ;  and  the  signals  at  stations,  where  there  is  more  than  one 
arm  on  one  side  of  a  post,  to  be  made  to  apply — the  first  or  upper  arm 
to  the  line  on  the  left,  the  second  arm  to  the  line  next  in  order  to  the 
left,  and  so  on;  but  in  cases  where  the  main  or  more  imjiortant  line  is 
not  the  one  on  the  left,  sei^arate  signal  posts  to  be  provided,  or  the 
arms  to  be  on  brackets.  Distance  signals  to  be  distinguished  by 
notches  cut  out  of  the  ends  of  the  arms,  and  to  be  controlled  by 
home  or  starting  signals  for  the  same  direction,  when  on  the  same 
post.  A  distance  signal  arm  must  not  be  placed  above  a  home  or 
starting  signal  arm  on  the  same  post  for  trains  going  in  the  same 
direction. 

In  the  case  of  sidings,  a  low  short  arm  and  a  small  signal  light, 
distinguishable  fropi  the  arms  or  lights  for  the  passenger  lines 
may  be  emjiloyed,  but  in  such  cases  disk  signals  are,  as  a  rule,  pre- 
ferable. 

Every  signal  arm  to  be  so  weighted  as  to  fly  to  and  remain  at 
danger  on  the  breaking  at  any  point  of  the  connection  between  the 
arms  aijd  the  lever  working  it. 

Fourth. — On  new  lines  worked  independently,  the  front  signal 
lights  to  be  green  for  "all  right,"  and  red  for  "danger";  the  back  lights 
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(visible  only  when  the  signals  are  at  danger)  to  be  white.  This  re- 
quirement not  to  be  obligatory  in  the  case  of  new  lines  run  over  by 
trains  of  other  companies  using  a  different  system  of  lights. 

Fifth. — Facing  points  to  be  avoided  as  far  as  jjossible,  but  when 
they  cannot  be  disjiensed  with,  thej'  must  be  jjlaced  as  near  as 
practicable  to  the  levers  by  which  they  are  worked  or  bolted.  The 
limit  of  distance  from  levers  working  points  to  be  180  yds.  in  the  case 
of  facing  points,  and  300  yds.  in  the  case  of  trailing  points  on  the 
main  line,  or  safety  points  at  sidings. 

In  order  to  insure  that  the  points  are  in  their  i^roper  position  before 
the  signals  are  lowered,  and  to  jjrevent  the  signalman  from  shifting 
them  while  a  train  is  passing  over  them,  all  facing  i^oints  must  be 
fitted  with  facing  point  locks  and  locking  bars,  and  with  means  for 
detecting  any  failure  in  the  connections  between  the  signal  cabin  and 
points.  Length  of  the  locking  bars  to  exceed  the  greatest  wheel  base 
between  any  two  pairs  of  wheels  of  the  vehicles  in  use  on  the  line,  and 
the  stock  rails  to  be  tied  to  gauge  with  iron  or  steel  ties.  All  points, 
whether  facing  or  trailing,  to  be  worked  or  bolted  by  rods  and  not  by 
wires,  and  to  be  fitted  with  double  connecting  rods. 

Sixth. — The  levers  by  which  points  and  signals  are  worked  to  be  in- 
terlocked, and,  as  a  rule,  brought  close  together,  into  the  position  most 
convenient  for  the  jaerson  working  them,  in  a  signal  cabin,  or  on  a 
properly  constructed  stage.  The  signal  cabin  to  be  commodious  and 
to  be  supplied  with  a  clock  and  with  a  sepai'ate  block  instrument  for 
signaling  trains  on  each  line  of  rails.  The  point  levers  and  signal 
levers  to  be  so  jDlaced  in  the  cabin  that  the  signalman  when  working 
them  shall  have  the  best  possible  view  of  the  railway,  and  the  cabin 
itself  to  be  so  situated  as  to  enable  the  signalman  to  see  the  arms  and. 
the  lights  of  the  signals,  and  the  working  of  the  jjoints.  The  back 
lights  of  the  signal  lamps  to  be  made  as  small  as  i^ossible,  having 
regard  to  efficiency,  and  when  the  front  lights  are  visible  to  the 
signalman  in  his  cabin,  no  backlights  to  be  provided.  The  fixed  lights 
in  the  signal  cabin  to  be  screened  off,  so  as  not  to  be  mistakable  for 
the  signals  exhibited  to  control  the  running  of  trains.  If,  from  any 
unavoidable  -cause,  the  arm  and  light  of  any  signal  cannot  be  seen  by 
the  signalman,  they  must,  as  a  rule,  be  relocated  in  the  cabin. 

Seventh. — The  interlocking  to  be  so  arranged  that  the  signalman 
shall  be  unable  to  lower  a  signal  for  the  approach  of  a  train  until  after 
he  has  set  the  points  in  the  proper  liosition  for  it  to  pass  ;  that  it  shall 
not  be  possible  for  him  to  exhibit  at  the  same  moment  any  two  signals 
that  can  lead  to  a  collision  between  two  trains  ;  and  that,  after  having 
lowered  the  signals  to  allow  a  train  to  jjass,  he  shall  not  be  able  to 
move  any  i^oints  connected  with,  or  leading  to,  the  line  on  which  the 
train  is  moving.  Points,  also,  if  possible,  to  be  so  interlocked  as  to 
avoid  the  risk  of  a  collision. 
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Home  or  starting  signals,  next  in  advance  of  trailing  points,  -when 
lowered,  to  lock  such  points  in  either  position,  unless  sucli  locking  will 
•unduly  interfere  with  the  traffic. 

A  distant  signal  must  not  be  capable  of  being  lowered  unless  the 
home  starting  signals  in  advance  of  it  have  been  lowered. 

Eighth. — Sidings  to  be  so  arranged  that  shunting  operations  upon 
them  shall  cause  the  least  possible  obstruction  to  the  passenger  lines. 
Safety  points  to  be  provided  upon  goods  and  mineral  lines  and  sidings 
at  their  junctions  with  passenger  Lines,  with  the  points  closed  against 
the  passenger  lines  and  interlocked  with  the  signals. 

Ninth. — When  a  junction  is  situated  near  to  a  passenger  station,  the 
platforms  to  be  so  arranged  as  to  prevent,  as  far  as  possible,  any  neces- 
sity for  standing  trains  on  the  junction. 

Tenth. — The  junctions  of  all  single  lines  to  be  as  a  rule  formed  as 
double-line  junctions. 

For  interesting  information  regarding  the  early  forms,  uses  and 
experiments  relating  to  block  working  on  railways,  the  author  has 
availed  himself  of  the  paper  read  by  Mr.  W.  H.  Preece,  C.  E. ,  before 
the  Institution  of  Civil  Engineers,  on  June  13th,  1863.  A  perusal  of 
both  the  papers  and  the  discussion,  and  many  of  the  decided  opinions 
expressed  therein,  would  startle  some  of  the  railroad  men  of  the 
present  day. 

In  the  early  stages  one  instrument  was  used  for  both  ujd  and 
down  lines,  and  it  was  not  to  be  wondered  at  that  this  system  was 
the  cause  of  accidents,  notably  the  Clay  Tunnel  accident,  when  the 
telegraph,  after  working  there  satisfactorily  for  10  years,  failed  at 
last. 

To  the  Londou  and  Northwestern  Railway  is  due  the  credit  of  two 
important  advances  in  block  working.  Mr.  Edwin  Clarke,  M.  I.  C.  E., 
of  that  railway,  was  the  first  to  introduce  separate  instruments  for 
each  set  of  rails,  and,  aboiit  the  year  1853,  a  third  jjosition  was 
added  to  the  block  instruments,  which  third  position  consisted  of 
the  needle  being  in  the  central  (vertical)  position  intimating  "  line 
blocked."  Constant  currents  were  maintained  on  the  wires  of  these 
instruments  by  pegging  the  needles  over,  as  they  do  now,  to  one  side 
or  the  other,  and  the  wires  were  brought  down  to  within  reach  at  every 
alternate  post,  giving  guards  and  other  persons  a  means  of  communi- 
cating the  occurrence  of  an  accident  by  severing  the  wii-es  which  caused 
the  needle  to  assume  the  vertical  position.  Bells  on  independent  wires 
were  used  with  this  svstem  of  Mr.  Edwin  Clarke. 
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It  is  worthy  of  notice  that  the  London  and  North  Western  Company 
only  applied  this  system  for  permissive  block  working. 

Mr.  Preece  truly  says,  that  "  this  adulterated  form  of  the  block 
system  is  not  sufficient  under  all  circumstances  to  prevent  collisions," 
and  he  instances  the  case  which  occurred  near  Wolverton  on  the  22d  of 
February,  1862.     Further  he  says  : 

"There  are  evidently  great  and  serious  objections  to  the  working  of 
railways  upon  the  space  or  block  system  in  preference  to  the  time 
system,"  and  states  that  "  the  London  and  Xorth  Western,  the  Great 
Northern  and  otherrailway  companies  have  been  compelled  to  abandon 
it.  The  telegraph  becomes  simply  the  medium  of  warning  or  caution, 
excepting  in  the  case  of  long  tunnels  and  steep  inclines  ;  it  enables 
all  slow  trains  or  trains  behind  their  time  to  hasten  on  because  they 
are  made  acquainted  of  clear  lengths  before  them  ;  while  all  fast  trains 
or  trains  before  their  time  are  informed  that  there  is  a  train  in  front 
of  them  and  are  delayed  "without  being  actually  stopjjed. " 

The  London  and  North  Western  Company  thought  that  the  line 
could  not  be  worked  if  a  distance  of  2  miles  on  an  average  was  main- 
tained between  the  trains,  and  it  was  of  course  obvious,  as  Mr.  Preece 
remarked,  that  if  2  miles  was  a  sei'ious  objection  and  an  impossibility, 
why  not  shorten  the  distance  ? 

In  the  light  of  later  experience,  railway  managers  had  to,  and  did 
admit,  that  they  could  not  work  the  heavy  traffic  passing  over  railways 
without  the  assistance  and  certainty  afforded  by  the  block  system. 
This  is  specially  so  where  trains  follow  each  other  at  such  short  inter- 
vals as  sometimes  one,  two,  or  three  minutes. 

It  is  believed  to  be  a  fact  that  even  in  the  early  days  the  Great 
Northern  Railway  of  England,  which  is  certainly  a  pioneer  line  and 
one  that  has  all  the  latest  improvements,  used  the  two-needle  instru- 
ments, and  the  needles  were  promiscuously  used  for  the  up  or  the  down 
line  as  the  occasion  offered.  The  left-hand  needle  was  used  for  jjas- 
senger  trains,  and  the  right-hand  one  for  engines,  goods,  cattle  and 
ballast  trains,  and  the  signalman  had  to  hold  the  handles  to  retain 
the  needles  in  position. 

Mr.  Preece  puts  in  instruments  on  his  system  (which  Avas  substi- 
tuting the  semaphore  arm  for  the  needle  in  the  block  instrument  and 
thereby  loosing  the  third  position  of  the  needle  instrument)  between 
Queen  Street  and  St.  David's  Stations,  Exeter,  in  March,  1862. 

Briefly,  Mr.  Preece  sums  up  the  advantages  of  the  application  of 


436  o'donnell  oisr  railroad  signaling. 

the  telegi-aph  to  the  -working  of  single  lines  by  stating  "when  the 
telegraph  is  used,  safety  is  assured,  regu.larity  obtained,  and  single 
lines  become  as  secure  and  rapid  as  double  lines." 

The  author  wishes  it  to  be  understood  that  in  the  retrosi^ective  part 
of  this  paper,  in  relation  to  the  early  defects  of  block  working  and  the 
views  expressed  in  the  various  papers,  he  is  not  oflfering  any  remarks 
of  his  own.  The  various  documents  containing  these  opinions  are  at 
the  convenience  of  the  public,  and  any  historical  retrospect  of  block 
working  would  be  incomjalete  if  the  various  changes  of  opinion  in  rela- 
tion to  the  various  systems  were  not  incorporated. 

The  one  remarkable  feature  is  that  the  very  first  attemjits  at  block 
working  struck  the  right  line,  and,  so  far  as  the  block  working  in  Eng- 
land is  concerned,  substantially,  it  is  the  block  working  of  to-day. 

It  was  even  stated  in  the  discussion  at  the  Institution  of  Civil  Engi- 
neers in  1863,  that  one  wire  was  an  element  of  safety  as  well  as  economy, 
and  further,  with  three  wires,  if  a  fracture  of  one  of  them  took  place, 
the  fractured  wire  might  foul  one  or  both  of  the  remaining  wires,  and 
that  with  a  persistent  current  flowing,  falsified  signals  might  be  sent. 
In  the  present  system  of  working  such  an  accident  could  not  happen. 

To  Mr.  C.  V.  Walker  is  due  the  credit  of  introducing  the  system 
that  every  signal  made  by  one  man  should  be  correctly  repeated  by 
the  man  that  received  it  as  an  intimation  of  the  understanding  of  the 
signal. 

Mr.  Walker  was  also  the  first  to  use  balanced  currents  for  the  work- 
ing of  bells.  This  knowledge  was  communicated  to  the  Royal  Society 
in  1857.  It  is  a  curious  instance  to  find  that  a  patent  had  been  ob- 
tained for  this  purpose  by  another  Mr.  Walker,  of  Glasgow,  anticijiat- 
ing  in  principle  the  invention  of  Mr.  C.  V.  Walker,  of  the  Southeastern 
Hallway. 

As  early  as  1856,  Mr.  Walker  forwarded  a  paper  on  train  signaling 
to  the  Institution  of  Civil  Engineers,  but,  the  subject  not  being  then 
found  attractive,  it  was  not  read. 

In  view  of  the  fact  that  a  large  proportion  of  the  automatic  signal- 
ing which  has  been  installed  in  this  country  has  for  its  normal  j^osition 
the  line  at  "  safety ,"  or  the  semaphore  arm  in  the  "safety"  attitude, 
it  may  be  mentioned  that  in  the  early  days  of  railways,  the  line  itself 
was  considered  as  clear,  but  when  sanction  was  given  to  the  rear, 
that  sanction  intimated  that  the  line  was  blocked.     This,  no  doubt, 
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arose  from  the  fact  tliat  there  were  only  tTvo  positions  to  the  instru- 
ments then  in  vogue,  viz.,   "  line  clear  "  and  "  line  blocked. " 

Sir  "William  Cooke  mentions  this  in  his  pamphlet  previously  referred 
to  (1842).     He  says: 

"  I  think  it,  however,  highly  desirable  that  the  ordinary  or  quies- 
cent condition  of  the  station  signal  should  be  a  state  of  danger,  not  a 
state  of  safety,  so  that  a  train  should  never  run  into  a  station  without 
special  guarantee  that  it  was  prepared  to  receive  it.  With  such  an 
arrangement  no  bad  consequence  could  arise  from  want  of  presence  of 
mind  on  the  part  of  the  signalman,  at  a  moment  of  sudden  danger." 

There  may  be  some  members  of  this  Society  who  will  recall  the  fact 
that  Mr.  Ashbel  Welch  many  years  ago  laid  dowij  the  fundamental 
rule  that  the  normal  position  for  the  outside  arm  should  be  danger. 

It  is  a  curious  coincidence  that  in  so  many  cases  invention  repeats 
itself,  and  that  the  old  saying  "there  is  nothing  new  under  the  sun  " 
is  very  frequently  verified.  Rumors  have  reached  us  in  Great  Britain 
that  certain  claims  have  been  put  forward  by  parties  in  the  United 
States  for  the  monopoly  on  a  patent  for  an  alleged  invention  of  safety 
switches,  the  object  and  use  of  which  is  perfectly  understood.  It  may 
not  be  considered  as  exactly  related  to  "  lock  and  block  "  working,  but 
as  the  writer  has  referred  to  the  pamphlet  of  Sir  William  Cooke  fre- 
quently in  this  paper,  he  may  mention  that  in  that  pamj)hlet  there  is 
an  interesting  diagram  of  a  time,  fare  and  distance  table  (Plate  LXU), 
the  lower  portion  of  which  clearly  indicates  the  use  of  safety  switches 
for  preventing  accidents  by  trains  overshooting  the  fouling  point.  It 
might,  possibly,  be  better  to  quote  his  exact  words  with  reference  to 
this  matter,  and  it  should  be  borne  in  mind  that  this  jDamphlet  itself 
was  issued  in  the  year  1842.     He  says : 

"  The  arrangement  of  the  rails  and  switches  at  a  crossing  is  a  matter 
of  engineering  detail.  I  have  given  a  sketch  which  will  sufficiently 
explain  to  the  general  reader  the  principle  on  which  two  trains  might 
cross  without  the  possibility  of  a  collision,  the  self-acting  switches  in- 
fallibly directing  them  to  the  proper  side.  In  case  of  a  train  accident- 
ally proceeeling  further  than  necessary,  its  momentum  would  be 
checked  by  a  fixed  buffer  ai:)paratus,  or  a  steep  incline  in  the  iisual 
way." 

The  author  would  also  point  out  that  in  the  diagram  referred  to 
above  the  lines  in  question  are  passenger  roads;  therefore  it  is  practi- 
cally a  derail  on  the  passenger  road. 
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The  London  and  North  Western  Eailway  was  the  first,  as  previously 
mentioned,  to  introduce  the  third  position  in  the  needle  instrument, 
and  has  to  the  present  day  maintained  it,  and,  through  its  example, 
has  influenced  the  large  majority  of  railways  in  England  to  adopt  the 
needle  instrument  with  three  positions.  With  this  system  when  the 
needle  is  in  the  vertical  position,  the  line  is  considered,  according  to 
the  regulation  words,  as  "not  clear,"  and  it  is  understood  that,  pre- 
vious to  sending  a  train,  sanction  must  be  obtained  on  the  block  instru- 
ment from  the  cabin  in  advance,  the  signal  being  repeated  in  acknowl- 
edgment to  further  ensure  the  understanding  of  the  message,  and  the 
needle  pegged  over.  When  the  third  position  was  introduced,  the  great 
advantage  which  was  no  doubt  desired  previously,  but  which  was 
difficult  to  obtain,  was  seen,  and  the  normal  position  of  the  line  as 
"not  clear"  or  line  "blocked"  was  hereafter  established  in  all 
systems. 

Even  with  the  "lock  and  block  "  system  the  author  believes  that, 
notwithstanding  the  strong  opposition  to  the  normal  "  danger  "  posi- 
tion in  automatic  systems  of  signaling,  as  used  in  the  United  States  at 
the  present  time,  the  contracting  companies  are  making  a  sjjecialty  of 
offering  such  systems  of  automatic  signaling  that  have  a  normal  "  dan- 
ger "  position  for  the  semaphore  arm.  This  is  really  following  out  the 
practice  generally  adopted  40  years  ago  in  England. 

In  automatic  signaling  systems  it  should  be  borne  in  mind  that 
while  outside  visual  signals  are  the  main  feature,  yet  incidentally  it 
becomes  an  actual  block  system  in  substitution  of  the  block  instrument 
in  the  cabin  where  the  manual  system  is  in  operation;  therefore,  it 
should  incori^orate  the  advantages  and  result  obtained  from  the 
manual  and  block  instruments. 

It  is  a  curious  fact  that  the  objections  which  the  author  raises  to- 
day against  what  is  known  as  the  "  Sykes' "  system  of  "lock  and 
block, "  were  substantially  raised  against  the  system  of  Preece,  which 
had  the  miniature  semaphore,  in  1856,  and  the  contradictory  nature  of 
the  signals  was  plainly  set  forth  then.  In  Mr.  Walker's  paper  of  1856, 
four  telegrams  were  enumerated  which  illustrated  the  method  of 
question  and  answer  which  Mr.  Walker  then  considered  neces- 
sary; the  first  was:  from  A  to  B,  "May  I  send  a  train?  "  given  by  A 
striking  one  blow  to  B;  B's  answer,  "  Yes,  you  may,"  one  blow  struck 
back  by  B.     A  then  sends  on  the  train,  and,  on  its  arrival,  B  sends  to 
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A  the  message:  "The  train  you  sent  is  in  safe,"  by  striking  three 
blows  to  A,  intimating  this,  and  A  replies,  "All  right;  I  understan.d 
train  is  in,"  by  striking  three  blows  to  B.  These  blows  are  struck  on 
bells. 

In  1863,  Mr.  Walker's  chief  reason  in  objecting  to  miniature  sema- 
phores in  the  block  instruments  was  "because  the  second  of  the 
above-named  four  signals  was  always  contradictory,  and  did  not  mean 
what  was  intended  to  be  conveyed."  The  first  question,  "May  I  send 
a  train,"  was  answered  with  the  words  on  the  bell  and  index,  "  Yes, 
jou  may  not  ";  that  was,  while  the  bell  replied  "Yes,"  the  semaphore 
went  up  or  the  index  went  over,  which  meant  "No."  It  was  true 
that  "No  "  was  understood  to  refer  to  any  train  that  might  follow  the 
one  in  question,  although  it  did  not  say  so;  but  some  day  the  index 
might  say  "  No  "  and  mean  "  No." 

This  is  curiously  enough  the  case  with  certain  lock  and  block  sys- 
tems of  to-day,  and  the  author  will  refer  to  them  later  in  comi^aring 
the  various  lock  and  block  systems. 

In  1863  it  was  practically  agreed,  in  the  discussion  at  the  Institu- 
tion of  Civil  Engineers,  that  a  block  system  should  be  made  legally 
obligatory  on  railway  companies,  but,  as  an  illustration  of  the  slow 
march  of  governments,  it  was  not  until  the  Regulations  of  Railways 
Act,  1889,  that  it  was  made  so.  The  author  might  even  remark  that 
he  believes  that  it  is  not  obligatory  in  the  United  States.  One  gentle- 
man remarked  in  1863  in  the  discussion  at  the  Institution  of  Civil  En- 
gineers, that 

"  No  doubt  the  block  system  for  crowded  traffic  might  answer  very 
well,  but  so  long  as  the  traffic  could  be  carried  on  without  the  neces- 
sity for  its  aid,  there  was,  in  his  opinion,  a  positive  advantage  in  ignor- 
ing it  and  depending  on  the  ordinary  mode  of  signaling." 

Having  briefly  traced  the  early  stages  and  development  of  block 
working,  the  author  will  now  trace  the  introduction  of  fixed  signals  and 
development  of  interlocking  between  levers  ojierating  ^joints  and 
signals. 

Fixed  signals,  without  which,  of  course,  no  system  of  block  work- 
ing can  exist,  were  first  brought  into  general  use  with  the  opening  of 
the  Grand  Junction  Railway  in  1838,  and  at  about  the  same  time  on 
the  Liverpool  and  Manchester  Railway,  The  signals  were  in  the  form 
of  a  semi-circular  or  D-shaped  board,  elevated  on  a  pole  and  revolving 
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through  an  arc  of  90^.  The  disk  towards  the  driver  iudicated 
"  danger,"  and  the  edge  "  clear."  A  light  for  a  night  signal  was  used 
in  connection  with  these  disks.  Several  forms  of  signals  have  been 
suggested  and  tried  since  the  above  were  brought  into  use,  but  at  the 
present  time  the  recognized  forms  of  signals  are  the  semajDhore,  for 
running  lines  (introduced  by  Mr.,  now  Sir,  Charles  Hutton  Gregory, 
K.  C.  M.  G. ,  Past  President  Institution  Civil  Engineers,  on  the  Croydon 
Railway  in  the  early  part  of  the  year  1842),  and  low-revolving  disk 
signals  for  crossing,  sidings,  etc.  The  semaphore  signal  was  an  adapta- 
tion of  the  old  form  of  semaphore  used  for  telegraj^hing  to  short  dis- 
tances, and  has  proved  to  be,  perhaps,  the  most  imjDortant  step  in  the 
development  of  railway  signals. 

"With  the  adoption  of  fixed  signals  it  soon  became  evident  that,  to 
avoid  the  giving  of  a  signal  contrary  to  the  position  of  the  switches  of 
the  main  and  siding  crossings,  some  form  of  interlocking  between  the 
two  must  be  devised. 

We  read  of  Mr.  Atkinson,  at  East  Retford,  in  1852,  providing  a  lock 
between  a  signal  and  a  pair  of  switches,  and  in  the  following  year  Mr. 
Whitworth  proposed  a  notched  bar  connected  to  the  signal  wire  and 
crossing  at  right  angles  another  notched  bar  working  in  connection 
with  the  switches. 

As  the  number  of  switches  and  signals  to  be  worked  increased,  it 
became  advisable  and  necessary  to  concentrate  the  levers  working  the 
same  together  in  one  place,  and  the  princii^le  of  interlocking  a  signal 
and  a  jiair  of  switches  being  known,  it  would  appear  simple  to  interlock 
the  levers  concentrated  together;  but  it  was  not  until  1859  that  complete 
lever-locking  apparatuses  were  apjjlied  by  Mr.  Austin  Chambers  for 
Kentish  Town  and  Willesden  Junction.  Mr.  Farmer,  however,  claims- 
that  Mr.  Saxby,  in  1856,  fixed  at  the  Bricklayers'  Arms  Junction  of  the 
Brighton  Railway  a  lever  frame  of  14  levers  properly  interlocked  so 
that  no  signal  could  be  given  inconsistent  with  the  position  of  the 
points,  and  that  the  arrangement  was  patented  in  that  year  (1856). 
No  patent  was  taken  out  by  Mr.  Austin  Chambers  until  1860,  and 
probably  Saxby's  patent  of  1860,  after  Mr.  Chambers',  is  the  first  of 
Saxby 's  which  can  be  said  to  cover  a  complete  interlocking  lever  frame. 
In  1867  the  concentration  of  iJoint  and  signal  levers  and  the  proper  in- 
terlocking of  the  same  really  began  with  the  introduction  of  Saxby  and 
Farmer's  spindle  locking,  Messrs.  Stevens  &  Sons'  tappet  locking,  and 
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Messrs.  McKenzie.  Clunes  &  Holland's  system  of  interlocking.  The 
next  step  was  the  catch  actuating  of  the  interlocking,  designed  by 
Messrs.  Easterbrook  and  Saxby  in  the  same  year  (1867). 

From  this  time  various  forms  of  interlocking,  both  catch  actuated 
and  worked  direct  from  the  lever,  and  adaptations  of  interlocking  for 
special  purposes,  have  been  devised,  but  the  principle  remains  the 
same. 

For  some  time  the  arrangement  of  fixed  signals,  with  levers  to 
work  them,  and  the  switches  concentrated  and  interlocked  and  block 
telegraph  working  indei^endent  of  each  other,  was  thought  to  be  quite 
safe  and  sufficient,  but  accidents  have  occurred  which  show  that, 
owing  to  the  forgetfiilness  of  the  signalmen,  something  more  is  desir- 
able, i.  e.,  a  combination  of  "lock  and  block,"  in  such  a  manner  that 
it  is  impossible  for  the  outside  signals  to  be  lowered,  exceiating  when 
the  line  is  "  clear  "  and  the  proper  telegraphic  signals  have  been  given 
and  accejDted. 

Automatic  signaling  is  an  attemjjt  to  obtain  "lock  and  block,"  or 
■*'  trains  commanding  the  section,"  and  eliminating  human  agency.  It 
may  be  argued  that  all  forms  of  automatic  signaling  meet  the  objec- 
tions against  fixed  signals  and  block  telegraph  worked  independently. 
With  regard  to  purely  mechanical  automatic  signaling,  it  is  limited 
by  distance,  and  may,  for  this  reason  alone,  be  dismissed  as  unsuitable. 

Several  systems  of  automatic  signaling,  operated  mechanically, 
Lave,  however,  been  tried. 

In  the  year  1858  the  North  London  Railway  Comi^any  tried  between 
Hackney  and  Kingsland  Baronowski's  self-acting  block  system.  In 
this  system  when  a  ti'ain  passed  over  a  lever  an-angement  the  signal 
was  put  to  "danger,  "and  remained  in  that  position  until  the  train  had 
reached  a  jjoint  1  100  yds.  ahead,  when  the  movement  of  another 
lever,  by  the  train  jjassing  over  it,  caused  the  signal  in  the  rear  to  go 
to  the  "clear"  or  "off"  position.  This  system  failed  and  caused  a 
serious  collision,  and  was  consequently  discarded. 

Another  early  form  of  automatic  block  working  was  introduced  by 
Mr.  "Whitworth  and  patented  by  him  in  1853,  but  a  signal  failing  at 
Eadcliff  Bridge  in  1859,  and  another  at  Clayton  Tunnel  in  1861,  it  was 
abandoned.  The  Clayton  Tunnel  failure  caused  the  death  of  23 
passengers,  and  injuries  to  176.  It  was  considered  that  after  this  such 
signaling  might  be  dispensed  with, 
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So  far  as  signaling  in  England  is  concerned,  automatic  signaling 
was  never  put  into  practical  operation  from  the  early  experiments  of 
Baronowski  and  Whitworth  until  the  experiment  on  the  Freshwater 
Railway,  Isle  of  Wight.  In  this  case  the  Board  of  Trade  Inspectors 
ordered  its  removal. 

The  next  and  only  instance  of  automatic  signaling  in  England  is 
that  fixed  on  the  Liverpool  Overhead  Railway  on  the  Timmis  system. 

The  Timmis  System.-^ln  this  system  there  is  at  each  station  a  home 
signal  and  a  starting  signal,  the  latter  also  acting  as  the  distant  signal 
for  the  station  in  advance,  the  block  sections  being  short.  These 
signals  are  worked  electrically,  and  the  conditions  laid  down  by  the 
English  Board  of  Trade  with  regard  to  automatically  working  them 
were  : 

First. — That  each  signal  must  be  put  to  the  "  danger  "  position  by 
the  train  as  it  passes  the  signal. 

Second. — That  every  train  must  always  have  behind  it  one  signal,  at 
least,  in  the  "  danger  "  position. 

Third. — That  when  a  train  passes  a  signal,  and  automatically  puts 
such  signal  to  "danger,"  the  passage  of  the  rear  vehicle  of  the  train 
past  such  signal  must  be  the  only  means  of  completing  the  electric 
circuit  necessary  to  automatically  lower  the  signal  in  the  rear. 

(In  practice  the  passing  of  the  rear  vehicle  of  a  train  is  made  to  put 
the  signal  immediately  past  to  "  danger"  by  breaking  contact,  and  to 
lower  the  signal  in  the  rear  by  making  contact.) 

The  main  feature  of  this  system  is  the  Timmis  patent  long-pull 
electro-magnet,  those  in  use  on  the  Liverpool  Overhead  Railway  having, 
with  a  current  of  5  amperes  and  50  volts,  a  pull  of  70  lbs.  at  IJ  ins. 
distance.  These  magnets  are  used  to  lower  ordinary  semaphore 
signals,  but  when  the  magnet  has  done  its  work  and  the  armature 
is  practically  in  contact  with  the  core  of  the  electro-magnet,  the 
current  is  reduced  to  to,  i-  c.,  5  amperes,  by  automatically  switching 
resistance  into  the  circuit. 

Supposing  a  train  to  be  at  Station  A,  between  the  home  and  start- 
ing signals  at  that  place,  the  home  signal  will  be  in  the  "danger'* 
position,  and,  assuming  there  is  no  train  in  the  section  ahead,  the 
starting  signal  in  the  "  safety  "  position.  The  train  now  leaves  Station 
A  for  Station  B.  On  passing  A's  starting  signal,  that  signal  will  be 
put  to  "  danger  "  and  A's  home  signal  lowered  to  "safety,"  which  will 
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allow  another  train  to  enter  Station  A.  A's  starting  signal  being  at 
"  danger,"  this  second  train  will  have  to  wait  at  A  until  the  first  train 
has  passed  the  home  signal  at  B,  the  passing  of  this  signal  by  the  rear 
vehicle  of  the  first  train  being  necessary  to  complete  the  circuit 
through  the  coils  of  the  special  long-pull  magnet  operating  the  start- 
ing signal  at  A. 

We  now  turn  to  the  automatic  system,  which  appear  on  the  increase 
in  the  United  States. 

77^6  Hall  System. — In  considering  this  system,  the  main  feature  of 
distinction  between  it  and  other  systems  lies  in  the  fact  that  a  substi- 
tute is  used  for  the  semaphore  arm. 

The  consensus  of  opinion  in  all  parts  of  the  world  on  railroads 
which  pretend  to  be  modern  approves  the  semaphore  arm.  It  there- 
fore becomes  the  duty  of  the  promoters  of  a  departure  to  give  their 
reasons  for  the  departure  rather  than  argue  the  question. 

The  Pneumatic  Automatic. — The  question  of  expense  is  not  one 
which  comes  Tvdthin  the  province  of  this  paper.  This  system  seems  to 
find  favor  with  some  of  the  railroads,  but  there  would  appear  to  be  an 
unnecessary  number  of  agencies  employed  to  give  the  desired  result. 
By  agencies  is  meant  different  powers,  such  as  steam  or  its  equivalent, 
electrical,  pneumatic.  This  miich  can  be  said  in  its  favor,  it  incor- 
porates the  ordinary  semaphore  arm  as  its  outward  indication  to 
enginemen.     It  is  in  itself  a  block  system. 

Although  various  other  systems  of  automatic  signaling  have  been 
tried,  some  of  which  are  now  in  experimental  operation  in  the  United 
States,  the  author  does  not  propose  to  treat  upon  them  iu  detail, 
because  automatic  signaling  cannot  be  the  signaling  of  the  future,  in 
either  the  United  States  or  any  other  country,  from  the  simple  fact  that  as 
soon  as  a  switch  is  interposed,  automatic  signaling  becomes  at  variance 
with  the  power  or  means  of  oj^erating  the  switch.  It  is,  of  course,  to 
be  expected  that  the  various  stations  and  junctions  will  develojo  to  the 
extent  that  switches  and  crossings  must  be  operated  from  a  central 
position  in  order  that  some  system  of  interlocking  control  can  be 
arranged  between  the  several  signals  referring  to  the  passenger  lines 
and  the  conflicting  switches;  and  as  the  switches  cannot  be  operated 
by  the  automatic  system,  there  must  be  two  systems,  if  the  automatic 
is  to  remain. 

It  would  appear  to  be  the  cheapest  and  best  system  for  the  trunk 
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lines,  at  all  events,  to  have  their  system  of  signaling  of  such  a  nature 
that  one  jjower  may  be  subsequently  employed  for  operating  the 
switches  and  the  other  parts,  when  occasion  demands  it. 

In  considering  the  various  systems  which  have  been  before  the 
public,  and  which  can  fairly  claim  to  be  "lock  and  block"  systems, 
we  may  mention,  first,  the  Sykes  system,  which  is  the  invention 
of  Mr.  William  Kobert  Sykes,  St.,  the  Spagnoletti  system  and 
the  Patenall  system. 

The  system  which  has  found  the  most  favor,  in  fact  which  has 
monopolized  the  largest  amount  of  installations  of  "  lock  and  block," 
either  in  England  or  the  United  States,  is  the  Sykes  system. 

It  may  here  be  mentioned  that,  taking  railroads  in  all  parts  of  the 
world.  Great  Britain  not  excepted,  in  the  author's  opinion  the  New 
York  Central  and  Hudson  River  Railroad  is  the  best  signaled,  and, 
consequently,  the  best  protected,  line  in  the  world.  This  may  appear 
a  broad  statement  to  make,  but  when  it  is  considered  that  the  New 
York  Central  and  Hudson  River  railroad  has,  firstly,  the  interlocking 
system,  and  superadded  to  that,  secondly,  the  union  of  the  lock  and 
block  system  (Sykes)  over  the  majority  of  their  lines,  it  completely 
bears  out  this  statement.  No  line  in  Great  Britain  has  so  many  lines 
of  railroad  protected  by  the  lock  and  block  system. 

The  author  considers  that  great  credit  is  due  the  management  of 
that  road  for  thiis  early  ajspreciating  the  responsibility  of  a  great 
corporation,  and,  doubtless,  the  American  traveling  public  also 
fully  appreciates  the  willingness  of  the  company  to  safeguard  their 
jjatrons. 

A  description  of  this  system  will  serve  to  some  extent  to  describe 
the  systems  also,  so  far  as  the  results  efiected,  of  Spagnoletti  and 
Patenall.  There  are  certain  features  w'hich  in  all  these  three  systems, 
and  certainly  in  the  Sykes  system,  appear  to  be  at  variance  with 
the  condition  of  the  line. 

The  Sykes  (as  used  in  England)  system  embodies  in  the  instru- 
ment a  miniature  semaphore  arm  and  tablets  with  the  words  "  locked  " 
and  "free  "  and  "blank"  and  "train  on";  the  normal  position  of  the 
miniature  semaphore  being  in  the  "safety"  attitude,  meaning  "line 
clear,"  the  dials  illustrating  in  the  normal  position  "locked"  and 
"blank";  the  word  "locked"  referring  to  the  starting  or  sectional 
signal  lever,  and  "blank"  referring  to  the  train   movement   as  no 
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sanction  given.  Xormally  the  miniature  semajDliore  arm  is  maintained 
in  the  safety  position  by  the  current  from  a  single  cell  battery. 

The  working  nnder  this  system  would  be  somewhat  as  follows  : 
Eeferring  to  Plate  LXUI,  A,  B,  and  C  are  three  sections,  and  the  three 
sections  are  assumed  to  be  intermediate  sections,  neither  A,  B  nor  C 
being  terminal,  and,  therefore,  double  instruments  are  shown  at  A  and 
C,  as  well  as  at  B.  These  instruments  illustrate  both  receiving  and 
sending  portions. 

Supposing  B  has  given  sanction  to  A,  and  the  necessary  instruc- 
tions have  been  followed  and  the  train  to  be  traveling  between  A  and 
B,  B's  instrument  is  locked  and  the  two  apertures  in  the  instrument 
at  B  would  disclose  the  word  "  locked  "  on  the  upper  one,  and  "  train 
on"  on  the  lower  one.  Before  B  can  lower  his  starting  or  sectional 
signal  for  the  train  to  enter  the  section  B-C,  B  by  bell  code  will  ask  C 
to  release  his  starting  signal  lever,  C  responds  by  plunging,  which 
causes  the  upper  dial  at  B  to  show  "free,"  and  the  miniature  sema- 
phore arm  b'  to  assume  the  "danger"  position;  it  also  causes  the 
lower  dial  at  C  to  show  "train  on."  D  then  pulls  over  his  starting 
signal  lever,  and  this  action  causes  the  upper  dial  at  B  to  change  from 
"free  "to  "  locked,"  indicating  that  the  lever  cannot  be  fully  returned 
to  its  normal  position,  and  also  alters  the  circuit,  so  that,  when  the  train 
passes  over  the  treadle  in  advance  of  the  starting  signal  at  B,  the  lower 
dial  at  that  place  is  changed  from  "train  on  "  to  blank,  and  B  is  then 
in  a  position  to  plunge  again  to  A.  The  returning  of  the  start- 
ing signal  lever  at  B  to  the  normal  position  intimates  at  A  by  the 
lowering  of  the  miniature  semaphore  arm  a'  to  the  "  safety  "  position 
that  the  line  is  again  clear  as  between  A  and  B. 

In  case  B  should  from  any  cause  whatever  have  to  stop  the  train  at 
his  station  after  having  received  permission  from  C  for  it  to  enter  the 
section  B-C,  and  the  train  should  eventually  not  enter  that  section, 
the  instruments  at  B  and  C  are  made  to  resume  the  normal  position  by 
the  use  of  a  key  which  in  the  case  of  B  does,  electrically,  what  the 
passing  of  the  train  over  the  treadle  in  advance  of  B's  starting  signal 
would  do,  B  being  obliged  to  pull  over  his  starting  signal  lever  and 
insert  the  key  to  release  the  back  lock  from  it,  allowing  it  to  be  re- 
turned normal,  which  action  puts  his  instrument  into  the  normal  con- 
dition of  lever  dial  showing  "locked,"  train  dial  blank  and  miniature 
semaphore  arm  a' at  A  at  "safety."     The  use  of  the  key   at  C  only 
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mechanically  releases  his  instrument  and  causes  the  train  dial  to  show 
blank,  the  lever  dial  of  course  remaining  normal  showing  "locked," 
assuming  that  no  sanction  had  been  given  from  D. 

At  this  point  it  would  be  well  to  consider  the  statements  that  have 
been  made  with  regard  to  this  system,  which  would  appear  to  lead  the 
public  to  suppose  that  accidents  are  impossible  with  either  of  these 
systems.  It  is  stated  that  "mistakes  by  the  operators  are  rendered 
impossible,  and  any  derangement  in  mechanism  or  misunderstanding 
in  orders  will  never  result  in  anything  more  serious  than  delay." 

Take  the  case  jsreviously  referred  to,  that  C  for  any  reason  does 
not   desire   the   train   for  which  he   has  previously  given  sanction  to 

A,  and  released  B,  to  come  into  his  section.  In  the  usual  course  C 
bells  back  to  B  to  cancel  his  signal,  and  himself  cancels  his  own  signal 
mechanically  by  the  use  of  his  key,  thereby  returning  his  own  instru- 
ment to  the  normal  condition  in  which  he  is  free  to  accept  another  train 
from  B  and  to  perform  any  movements  athis  section  that  are  desirable. 

B,  on  receiving  intimation  from  C  that  C  wishes  the  previous  sanction 
to  be  canceled,  acknowledges  back  on  the  bell  that  he  has  understood 
the  signal  and  says  that  he  will  cancel.  Meanwhile  some  other  duty 
takes  his  attention,  and  he  does  not  cancel;  a  train  arrives  atB's  start- 
ing signal,  and  B,  having  already  lowered  his  starting  signal,  the  train 
enters  the  B-C  section.  An  interval  of  time  elapses  during  which  G 
has  finished  his  shunting,  or  other  movements,  and  B  now  asks  for 
sanction  to  send  another  train,  and  C  gives  him  such  sanction.  The 
sections  are  short.  B  may  suppose  that  the  train  he  had  previously 
sent  (unknown)  to  C  had  arrived  at  C,  passed  out  of  C's  section  and  C 
given  sanction  for  another  train;  B  therefore  allows  a  second  train  to 
enter  the  B-C  section. 

Misunderstanding  between  B  and  C  signalmen  there  certainly  is, 
but  no  tampering  has  taken  place  with  the  instruments  other  than  is 
common  and  usual  by  the  insertion  of  keys  for  the  purpose  of  cancel- 
lation, and  yet  two  trains  are  in  C's  section  at  one  time. 

There  is  a  still  more  serious  objection  to  which  all  the  lock  and 
block  systems  previously  mentioned  are  open,  and  that  is,  that  if  a 
train  has  arrived,  say  on  the  west-bound  line,  and  it  is  shunted  through 
a  cross-over  road  on  to  the  east-bound  line,  no  proper  means  are  pro- 
vided by  which  the  east-bound  line  is  blocked.  The  previously 
described  system  of  cancellation  has  to  take  place  to  free  the  west- 
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bound  line,  to  allow  the  signalman  to  accept  a  train  from  the  rear.. 
The  signalman  can,  under  these  conditions,  receive  a  train  on  the  east- 
bound  line  from  the  section  in  the  rear  although  the  line  is  blocked 
by  the  previously  shunted  train  which  may  be  standing  between  the 
home  and  starting  signals.  This  is  the  most  common  form,  so  far  as 
experience  in  Great  Britain  is  concerned,  of  serious  accident  which  has 
occurred,  such  as  that  at  Norton  Fitzwarren. 

The  normal  condition  of  the  line  in  the  Sykes  system  is  con- 
sidered "safety." 

So  far  as  the  majority  of  railways  in  Great  Britain  is  concerned  the- 
normal  condition  of  a  line  is  considered  as  "not  clear,"  and  it  requires 
sanction  from  the  cabin  in  advance  to  place  the.  line  in  the  "clear" 
condition. 

In  the  Sykes  system  the  miniature  semaphore  is  normally  in  the 
"  safety  "  attitude,  and  it  appears  to  be  a  curious  anomaly  that  when 
sanction  is  given  by  the  cabin  in  advance,  the  outward  indication  of 
that  sanction  consists  in  raising  the  miniature  semaphore  from  the 
"safety"  attitude  to  the  "danger"  attitude.  The  raising  of  this 
miniature  semaphore  from  "  safety  "to  "  danger  "  in  this  instance  is 
to  indicate  that  the  line  is  "  clear,"  but  taking  the  normal  condition 
of  two  sections,  and  the  section  in  advance  wishes  to  intimate  to  the 
section  in  the  rear  that  he  is  not  free  to  accept  a  train  and  does  not 
wish  to  be  asked  for  sanction,  he  moves  his  switch  b^  locking  the 
plunger  6^  at  B,  and  by  that  action  also  raises  the  miniature  semaphore 
arm  a^  at  A  from  "safety  "  to  "danger."  We  therefore  have  the 
action  of  this  arm  moving  from  safety  to  danger,  indicating  contradic- 
tory meanings.  In  one  case  it  means  that  the  line  is  "  clear  "  and  in 
the  other  case  it  means  that  the  line  is  "blocketl." 

Spagnolettis  System. — The  main  features  of  difference  between  the 
Spagnoletti  system  and  the  Sykes  system  consist,  firstly,  there 
is  no  miniature  arm,  and  consequently,  secondly,  no  necessity  for  a. 
permanent  current  which  in  the  Sykes  system  is  holding  the  min- 
iature arm  to  the  "safety"  attitude;  and,  thirdly,  there  is  no  back 
lock  on  the  starting  signal  lever  preventing  its  full  return. 

The  system  of  cancellation  in  the  Spagnoletti  system  is  the. 
same  in  result,  but  different  in  means.  A  glass  case  is  provided  in 
which  is  enclosed  a  press  button,  and  for  the  purposes  of  cancellation 
the  glass  must  be  broken  and  the  button  pressed;  of  course,  once  the 
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glass  is  broken  the  button  may  be  pressed  any  number  of  times  for 
the  ijurposes  of  cancellation. 

The  samejfreedom  is  allowed  so  far  as  shunting  a  train  from  one 
main  line  to  another  is  concerned. 

PatenaWs  System. — It  is  perfectly  true,  as  set  out  in  the  preamble 
to  the  specification  of  this  invention,  that  "This  system  embodies 
some  of  the  generic  features  of  what  is  commonly  known  as  the  Sykes 
system."  It^might  probably  be  more  correctly  put  by  stating  that  it 
embodies  nearly  all  the  generic  features  of  the  Sykes  system,  these 
features  including  both  those  that  may  be  good  and  those  that  the 
author  considers  defective. 

The  main  difference  consists,  firstly,  in  avoiding  the  anomaly  of 
the  miniatiu'e  arms  in  the  Sykes  system  by  having  no  miniature 
arms  at  all,  the  same  as  the  Spagnoletti  system,  and  consequently 
not  having  any  permanent  current,  and,  secondly,  the  facility  claimed 
of  being  able,  having  once  received  sanction  from  the  cabin  in  advance, 
to  manipulate  the  starting  signal  lever  backwards  and  forwards  any 
number  of  times. 

With  reference  to  the  first  difference,  if  the  switch  b^  in  the  Sykes 
system  be  moved  to  lock  the  plunger  it  would  place  the  miniature  arm 
at  the  section  in  the  rear  to  "  danger  "  by  cutting  oflf  the  current,  and 
if  this  were  treated  as  the  normal  condition  the  advantages  in  the 
Patenall  system  of  not  having  a  constant  current  on,  would  be  ob- 
tained. Under  these  conditions  (Sykes  system)  A  would  ask  for  sanc- 
tion to  B,  B  would  remove  the  switch  h^  from  his  plunger  h"^  which 
would  electrically  replace  the  miniature  arm  a'  at  A  to  the  "  safety  " 
attitude. 

With  regard  to  the  second  difi'erence  between  the  two  systems,  so 
far  as  the  author  can  understand  the  object  in  being  able,  in  the 
Patenall  system,  to  replace  the  lever  completely  to  its  normal  j)Osi- 
tion,  is  simply  to  release  the  interlocking  of  any  switches  in  the  rear 
and  not  to  require  a  second  sanction  from  the  cabin  in  advance  to  pull 
the  starting  signal  off  when  the  train  in  the  rear  section  is  required  to 
proceed.  It  may  be  observed  that,  if  the  Sykes  system  is  carefully 
■considered,  the  full  advantage  of  being  able  to  put  the  starting  signal 
arm  to  "  danger  "  in  the  face  of  the  driver,  to  prevent  him  going  into 
the  next  section,  is  allowed,  as  the  starting  signal  lever  can  be  returned 
almost  to   its   normal  position  to  allow  the   signal  to   go  fully  to 
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"danger,"  and,  although  in  the  Sykes  system  the  interlocking  may 
be  retained  on  the  conflicting  SAvitches  in  the  rear,  yet  if  the  inter- 
locking notches  on  the  starting  signal  lever  were  made  wider,  the  full 
privilege  of  taking  the  interlocking  off  the  conflicting'switches  would 
be  allowed  without  departing  from  the  Sykes  system  by  making 
any  alteration  which  would  be  unauthorized. 


Fig.  1. 
The  material  difference  in  the  manipulation  of  the  two  systems 
(Sykes  and  Patenall)  lies  in  the  fact  that  in  the  Patenall  system 
the  signalman  in  the  rear  has  more  to  do  than  in  the  Sykes  system; 
he  has  an  initial  movement  partly  Tvithdrawing  the  slide  b  (Fig.  1). 
This  action  brings  the  releasing  coils  into  circuit  with  the  plunger  of 
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the  section  in  advance,  tlie  slide  b'  is  released  so  that  it  can  be  fully 
withdrawn,  this  action  mechanically  releases  the  starting  signal  lever, 
■and  that  signal  so  released  is  free  to  be  operated  backwards  and  for- 
wards any  number  of  times;  but  the  signalman  at  this  post  cannot  give 
sanction  for  another  train  to  approach  him  from  his  rear  until  the  pre- 
viously accepted  train  has  passed  over  the  treadle  in  advance  of  his 
starting  signal. 

In  considering  this  subject,  there  are  a  few  points  which  the  author 
considers  essential  in  any  lock  and  block  system.  Firstly,  the  present 
facility  of  cancellation  should  be  abolished.  When  once  block  sanction 
has  been  given  to  the  rear  section,  the  only  legitimate  release  should 
be  the  fulfillment  of  the  sanction.  Secondly,  when  a  train,  or  even 
any  pair  of  wheels,  is  occupying  a  section,  the  obstruction  should  be 
got  rid  of  before  sanction  can  be  given  to  the  rear.  The  action  of 
clearing  the  line  of  whatever  is  fouling  it  should  release  the  plunger 
or  its  equivalent  in  its  own  section,  thereby  allowing  sanction  to  be 
:given  to  the  rear.  Thus,  if  any  vehicle  is  moved  from  one  main  line 
to  another,  the  road  it  leaves  is  automatically  freed,  and  the  road  it 
enters  automatically  locked.  Those  who  have  not  had  the  benefit  of 
living  in  this  country  in  personal  contact  with  the  railroads  have  there- 
fore had  little  experience  of  the  operation  of  electric  track  circuits  ; 
yet,  without  entering  into  a  discussion  as  to  the  merits  or  demerits  of 
the  track  versus  the  wire  circuit  system,  it  may  be  assumed  that  the 
track  system  should  be  included  in  this  paper,  from  the  simple  fact 
that  it  seems  to  meet  with  considerable  favor  from  certain  of  the  rail- 
roads in  the  United  States. 

There  are  many  features  which  a  perfect  track  circuit  system  would 
obtain  over  the  wire  system,  chiefly  in  reference  to  shunting  operations 
from  one  main  line  to  another,  from  main  lines  to  sidings  and  vice  versa, 
and  the  breaking  away  of  coaches,  and  generally  any  obstruction  on 
the  metals. 

The  third  essential  is  that  a  train  on  entering  a  section  should  auto- 
matically place  the  sectional  signal  in  the  rear  section  to  "  danger  "  in- 
dependent of  the  ojjerator,  and  it  should  so  remain  at  "  danger"  until 
the  train  has  entered  the  section  in  advance.  Thus  take  three  sections, 
-A,  B,  C,  a  train  entering  the  A-B  section  should  put  the  "danger" 
A's  starting  or  advance  starting  or  home  signal,  according  to  the 
installation,  and  it  should  remain  locked  at  "danger"  until  the  train 
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has  entered  the  B  C  section.  Through  the  courtesy  of  a  member  of 
the  joint  committee  on  interlocking  and  block  signals  of  the  American 
Hailway  Association,  the  author  had  given  him  a  copy  of  the  minutes 
of  proceedings  of  their  last  meeting  held  at  the  Hotel  Brunswick,  New 
York,  in  April  last. 

This  paper  is  already  longer  than  the  author  originally  intended, 
but  there  appears  to  be  such  a  diversity  of  opinion  in  the  Association 
in  relation  to  the  use  of  a  distance  signal ;  and  further,  a  distinction 
suggested  to  be  drawn  between  what  is  called  the  telegraphic  block 
system  and  the  controlled  manual  and  automatic  block  systems,  in  rela- 
tion to  distance  signals,  that  it  would  occupy  too  much  space  here  to 
discuss  the  questions  raised;  but  in  any  discussion  which  may  follow  the 
reading  of  this  paper  the  author  respectfully  suggests  that  these  ques- 
tions might  be  included. 

Single  Line  Working. — Any  paper  on  block  working  is  certainly  not 
complete  without  an  exhaustive  treatment  on  this  subject.  Correct 
block  working  on  single-line  railroads  is  far  more  essential  than  on 
double-line  railroads,  for  in  the  former  all  forms  of  collision  are  likely 
to  occur.  The  subject  is,  however,  too  extensive  and  important  to  be 
lightly  dealt  with  now,  and  the  author  must  leave  it  to  others  better 
entitled  to  describe  its  operation  than  himself  ;  or  leave  it  for  another 
occasion,  when  he  might  venture  to  set  forth  a  few  points  worthy  of 
discussion. 

Signal  Replaceis. — In  the  majority  of  the  systems  of  "lock  and 
block  "  which  are  now  appealing  to  the  public,  some  system  of  auto- 
matically replacing  the  section  signal  in  any  section  to  "danger"  on 
the  passage  of  a  train  out  of  that  section,  is  considered  essential. 

It  is,  of  course,  understood  that  the  idea  of  automatically  replac- 
ing the  sectional  signal  to  "danger"  is  comjiaratively  old,  and  that 
there  have  been  many  schemes  before  the  railways  for  effecting 
this,  but,  so  far  as  the  aiithor  is  aware,  all  the  schemes  are  open 
to  the  objection  that  the  engagement  between  the  two  portions  of 
the  upright  rod  to  the  balance  lever  and  the  arm  is  made  and 
maintained  by  the  electric  current,  and  consequently  there  is,  first, 
a,  sudden  wrench  on  the  armature  when  the  signal  is  pulled  off, 
and  during  the  time  of  remaining  off  a  steady  strain  (more  or  less 
according  to  the  design)  on  the  armature.  There  is  a  considerable 
strain  on  the  Lattig,  less  in  the  Hambay,  and  less  still  in  the  Coleman, 
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but,  however  little  the  strain  on  the  armature  may  be,  the  author  sub- 
mits that  the  principle  in  all  of  these  is  -wrong.  The  electric  current 
should  only  be  used  as  the  means  of  engaging  the  apparatus,  and  the 
strain  caused  by  pulling  the  signal  off  and  maintaining  it  in  that  posi- 
tion should  be  borne  mechanically. 

For  the  better  understanding  of  the  differences  between  the  methods 
of  signaling  trains  with  the  single-needle  instrument  and  the  sema- 
phore and  similar  iustriiments,  the  author  proposes  to  follow,  in  each 
case,  the  signaling  of  an  ex^jress  train  through  a  block  section. 

Taking  the  case  of  the  single-needle  instrument  first,  and  assuming 
two  sections,  A  and  B,  and  a  train  approaching  A  from  the  rear:  A 
rings  once  on  the  bell  to  call  B's  attention,  B  intimates  he  is  attending 
by  repeating  the  signal  to  A;  A  then  gives  what  is  commonly  known 
as  the  "be  ready"  signal,  four  beats  on  the  bell,  which  B  acknowl- 
edges by  repeating.  A  intimates  the  acknowledgment  is  correct  by 
giving  one  beat  of  the  needle  to  the  right,  and  B  then  pegs  the  needle 
to  "line  clear."  When  the  train  has  passed  A's  post  and  is  about  to 
enter  B's  section,  A  again  calls  B's  attention  by  one  beat  on  the  bell, 
which  B  acknowledges  by  repeating  as  before.  A  then  gives  two  beats 
on  the  bell  to  B,  indicating  "train  on  line."  B  repeats  and  unpegs 
the  needle,  A  acknowledges  correct  repetition  by  one  beat  of  the 
needle  to  the  right,  and  gives  the  descriptive  portion  of  the  "  train  on 
line  "  signal,  two  beats  of  the  needle  to  the  left.  These  are  repeated 
by  B,  A  acknowledges  correct  repetition  by  one  beat  of  the  needle  to 
the  right,  and  B  then  pegs  the  needle  over  to  "  train  on  line."  When 
the  train  passes  B  with  tail  lamp  or  board  on  the  last  vehicle,  B  calls 
A's  attention  by  one  beat  on  the  bell  which  A  repeats,  B  then  uni^egs 
the  needle  and  gives  the  "train  out  of  section"  signal,  two  beats  of 
the  needle  to  the  right,  A  repeats  this  signal,  and  B  acknowledges  the 
correct  repetition  by  one  beat  of  the  "needle  to  the  right,  and  then 
allows  the  needle  to  resume  the  normal  (vertical)  position. 

Taking  now  the  case  of  semaphore  and  other  similar  instruments 
and  the  same  conditions  as  regards  sections,  and  a  train  approaching 
A  :  A  will  give  the  warning  (be  ready)  signal  to  B  on  the  bell,  two 
beats,  pause,  two  beats  ;  this  is  acknowledged  by  B  by  one  beat  on  the 
bell.  B  then  plunges,  which  raises  the  miniature  sefnaphore  at  A,  and 
indicates  at  B  "  train  on."  When  the  train  has  passed  A's  post  and  is 
about  to  enter  B's  section,  A  gives  the  "departure"  (train  on  line) 
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signal,  two  beats  on  the  bell,  and  B  acknowledges  this  signal  by  one 
beat  on  the  bell.  When  the  train  passes  B  with  tail  lamp  or  board  on 
the  last  vehicle,  B  gives  the  "all  clear"  (train  out  of  section)  signal, 
three  beats  on  the  bell,  and  A  acknowledges  it  by  one  beat  on  the  bell, 
the  miniature  semaphore  arm  at  A  is  caused  to  return  to  the  "  safety  " 
(normal)  position  by  the  putting  back  of  the  starting  signal  lever  at  B, 
which  can  only  by  done  completely  when  the  train  has  passed  over  the 
treadle  in  advance  of  the  starting  signal  at  B. 

Although  block  signaling  with  the  semaphore  instrument  is  simi^ler 
than  with  the  single-needle  instrument,  block  signaling  with  the  latter 
is  not  so  complicated  as  the  description  would  make  it  appear,  and  it 
is  incomi^arably  better  with  regard  to  the  possibility  of  mistakes  being 
made  in  the  interpretation  of  the  signal ;  and  where  it  is  necessary  to 
indicate  the  route  and  description  of  trains,  the  single-needle  instru- 
ment, in  combination  with  the  bell,  lends  itself  to  the  jjurpose  much 
better  than  the  semaj^hore  and  similar  instruments  ;  in  fact,  it  is  within 
the  author's  knowledge  that  these  instruments  have  to  be  supple- 
mented with  single-needle  instruments  to  be  used  for  the  purpose  of 
describing  trains  alone  ;  and  as  the  opinion  of  the  majority  in  England 
favors  the  use  of  the  single-needle  instrument,  which  is  conclusively 
proved  by  its  ado2:)tiou  by  the  most  important  railways,  probably  it  is 
only  necessary  to  adapt  it  to  a  "lock  and  block"  system  to  make 
such  system  the  "lock  and  block"  system  of  the  future.  Upon  this 
phase  of  the  subject  the  author  cannot,  at  present,  enlarge. 
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Desmond  FiTzGEKAiiD,  M.  Am.  Soc.  C.  E. — One  question;  you  have 
been  over  a  large  number  of  railroads  in  this  country;  would  you  mind 
saying  where  you  consider  the  best  combination  system  in  this  country 
is  found  ? 

Mr.  O'DoNNEiiL. — The  best  illustrated  is  on  the  New  York  Central 
road.  A  combined  use  of  the  block  system  and  the  interlocking  sys- 
tem is  necessary,  and  the  best  system  is  a  union  between  the  two. 
There  is  only  one  road  in  this  country  that  has  the  interlocking  and  the 
block  in  combination,  that  is  the  New  York  Central. 

Foster  Ceo^-eli,,  M.  Am.  Soc.  C.  E. — I  would  like  to  ask  Mr. 
O'Donnell  in  regard  to  systems  other  than  those  he  has  described. 
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which  are  all  based  on  the  principle  of  visual  signals.  There  are  some 
systems,  or  some  devices,  coming  into  notice  in  which  the  visual  sig- 
nal is  entirely  dispensed  with. 

Mr.  O'DoNNELL. — I  gather  you  refer  to  the  Kinsman  block  system. 
That  proposes  to  entirely  eliminate  signals  of  all  grades,  but  relies 
practically  on  the  fact  that,  while  there  may  be  a  signal  directing  a 
movement,  if  the  train  passes  it  at  "danger,"  it  is  automatically 
stopped.  That  necessitates  an  addition  to  the  locomotive.  We  have 
had  trials  of  similar  systems  and  many  endeavors  to  have  them 
adopted,  but  I  do  not  think  you  will  find  superintendents  in  this 
country  ever  take  sufiicient  interest  in  signaling  to  alter  their  loco- 
motives. 

Mr.  CROWELii. — The  system  is  on  trial,  in  regular  ser-snce,  on  the 
Chicago,  Milwaiikee  and  St.  Paul  Eailroad,  and  possibly  some  of  the 
officials  of  that  road  are  here  and  can  give  us  some  information  as  to 
the  success  of  the  operation.  The  attachment  which  Mr.  O'Donnell 
has  alluded  to  as  being  necessaiy  to  the  locomotive,  is  of  such  trifling 
and  inexpensive  character  that  it  does  not  militate  against  the  system 
in  the  least.     There  may  be  other  reasons. 

Mr.  O'DoNNEiiL. — There  is  one  other  which  occurs  to  me,  and  that 
is,  if  you  rely  absolutely  on  some  such  system  and  the  engineer  of  the 
train  comes  to  disregard  his  signals,  expecting  that  even  if  he  does 
pass  them  at  "danger"  he  will  be  stopped,  if  a"  collision  should  occur, 
it  becomes  a  serious  question;  the  signal  becomes  under  those  condi- 
tions of  secondary  importance. 

Mr.  CKOWEiiii. — I  am  not  here  in  any  way  to  represent  any  system 
or  theory,  but  I  should  like  to  point  out  that  Mr.  O'Donnell  has  em- 
phasized the  importance  of  a  system  of  signals  not  based  on  color  nor 
on  form,  but  on  jjosition,  so  as  to  avoid,  as  far  as  possible,  any  likeli- 
hood of  the  man  running  the  engine  either  failing  to  see  the  signal  or 
misinterpreting  it. 

His  failure  to  see  the  signal  may  be  due  to  his  eyesight,  or  to  fog 
or  to  other  causes.  If  he  fails  to  see  the  signal,  the  signal  might  as 
well  not  be  there.  Some  very  disastrous  accidents  have  occurred  in 
this  country,  due  to  the  impossibility  -of  seeing  a  visual  signal.  I  u.n- 
derstand  that  there  has  been  an  impetus  given  to  the  effort  to  supply 
the  place  of  a  visual  signal,  and  the  automatic  Kinsman  system  and 
other  devices  have  been  suggested  on  that  account. 

The  Kinsman  system,  in  addition  to  affording  a  means  of  stopping 
a  train  in  case  of  the  disability  of  the  engineman  to  see  the  signal  or  to 
comprehend  it  properly,  has  the  facility  for  doing  more  than  merely 
providing  block  signals.  In  addition  it  also  operates  in  connection 
with  open  STvdtches,  misj^laced  or  unlocked  switches,  or  partly  open 
draw  bridges — all  track  interruptions,  in  fact,  are  taken  care  of  by  the 
Kinsman  system — so  that,  not  only  alone,  but  also  as  an  auxiliary  to  any 


DISCUSSIOX   O'S   KAILROAD   SIGNALING.  455 

other  system,  it  would  have  iises.  It  is  a  system  in  its  infancy,  and  it 
is  so  startling  in  its  departure  from  the  old  preconceived  notions  that 
the  engine  driver  must  see  the  signal,  that  at  first  it  does  not  recom- 
mend itself.  The  practical  application  of  any  system  is  the  test.  The 
system  applies  both  to  double-track  and  single-track  roads,  and  there 
has  been  found  great  difficulty  in  the  way  of  api^lying  the  block  sys- 
tem to  a  single-track  road  with  visual  signals.  I  here  want  to  thank 
Mr.  O'Donnell  for  the  comprehensiveness  with  which  he  has  outlined 
these  different  systems.  The  ability  to  use  visual  signals  with  the 
Ki  nsman  system  is  quite  evident.  Mr.  O'Donnell  has  called  attention 
to  the  fact  that  in  case  visual  signals  were  used  in  connection  with  the 
Kinsman  system,  the  engine  driver  might  get  careless;  but  I  think 
ex^jerience  proves  the  reverse. 

Mr.  O'Donnell. — I  would  like  to  ask  Mr.  Cwwell  one  question. 
Does  the  Kinsman  system  provide  for  the  o^ieration  of  the  distant 
sig-nal  ?  It  is  the  only  signal  the  driver  can  jiass  both  at  danger  and 
safety.     I  understand  the  Kinsman  system  stops  him  at  danger. 

Mr.  Org  WELL. — The  Kinsman  system  stops  him  without  reference 
to  the  position  of  the  distant  signal;  in  other  words,  there  is  a  multi- 
jjlication  of  signals,  and  the  jDrinciple  of  the  connection  with  the  dis- 
tant signal  is  not  contemplated.  I,  perhajas,  am  going  a  little  too  far. 
I  ought  not  to  say  anything  which  rejiresents  the  Kinsman  system.  I 
am  only  giving  my  knowledge  of  it.  The  same  principle  can  be  ap- 
plied with  an  indicator  signal,  and  the  wiring  of  the  Kinsman  system 
could  be  extended  to  the  distant  signal  as  such  if  desired.  There  is  a 
modification  of  the  system  by  which  it  can  be  known  to  the  engineman 
wh  ether  he  is  stopped  in  advance  or  by  an  overlapping  danger  from 
the  rear.  On  a  single-track  road  he  thus  knows  whether  he  is  stopjjed 
from  a  danger  ahead  or  from  behind,  which  is  quite  imi^ortant. 

The  question  you  have  asked,  so  far  as  I  am  able  to  answer  it,  is 
very  simple.  The  Kinsman  system,  in  itself,  does  not  necessarily  in- 
volve the  use  of  the  distant  signal  at  all;  but  if  it  is  desired,  the  appli- 
cation is  easy  by  a  simjDle  extension  of  rules. 

Mr.  O'Donnell. — If  the  distant  signal  is  accomplished,  it  seems  to 
be  the  rear  home  signal.  You  may  accomplish  the  signaling  and  treat 
the  distant  signal  as  a  home  signal,  but  that  does  not  allow  the  man  to 
creep  up  to  the  home  signal  and  know  what  the  condition  of  the  line 
at  the  home  signal  is.  '  I  have  not  studied  the  Kinsman  system.  You 
raised  one  question  in  connection  with  single  lines. 

With  the  tablet  or  electric  train  staff  systems,  the  Avithdrawal  of 
either  the  tablet  or  the  staff  from  the  instrument  automatically  breaks 
down  the  block  system,  but  I  have  for  some  years  repeatedly  pointed 
out  that  the  Sykes  lock  and  block  system,  if  properly  carried  out, 
is  just  as  good  on  single-track  roads  as  on  double-track  roads,  the 
idea  being  to  maintain  a  sjjace  interval  between  trains  absoliitely.     If 
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it  is  considered  that  the  traffic  would  be  too  much  hampered  on  single- 
track  roads  by  preventing  a  second  train  in  the  same  direction  until 
the  first  train  had  cleared  the  section,  then  a  permissive  staff  system 
could  be  employed,  which  would  allow  one  or  more  trains  in  the  same 
direction,  but  no  train  in  the  opposite  direction  until  the  last  train  has 
arrived  at  the  section  to  which  it  is  running. 

There  are  certain  conditions  which  would  be  necessary  in  carrying 
out  this  system,  but  it  is  very  cheap,  easy  in  working,  and  a  complete 
block  system,  and  hedged  round  with  conditions  by  which  a  great 
amount  of  safety  can  be  obtained.  The  head-on  collision  is  absolutely 
prevented,  which,  after  all,  is  the  most  serious  form  of  collision,  and 
that  more  likely  to  happen  on  single-track  roads  than  on  double. 

E.  E.  Russell  Tbatman,  Assoc.  M.  Am.  Soc.  C.  E. — What  does 
Mr.  O'Donnell  think  of  the  Black  system  on  the  Manhattan  Elevated 
Koad,  which  seems  to  be  practically  the  same  as  the  Baronowski  sys- 
tem (1858)  ? 

Mr.  O'Donnell. — I  am  not  connected  with  any  system,  but  I  have 
fundamental  objections  to  all  mechanical  systems.  The  Black  sy.stem 
is  merely  a  mechanical  automatic  signal.  I  have  seen  two  trains  many 
a  time  on  that  road  when  there  was  no  space  interval  except  a  few 
yards  between  them. 

A  Member. — I  presume  that  lack  of  sjiace  was  due  to  not  carrying 
out  the  rules  of  the  system. 

Mr.  O'Donnell. — Possibly.  The  Manhattan  Elevated  Railroad  may 
be  i3ut  in  the  class  of  railroads  which  has  no  margin  of  space,  and  so 
frequent  are  the  trains,  possibly  they  must  disregard  a  block  system ; 
certainly  a  block  s^'stem  is  not  operative  there. 

Mr.  Teatman. — Do  they  not  still  have  in  England  a  common  prac- 
tice of  giving  a  "  section  clear,  bixt  station  blocked  "  signal,  imi^lying 
that  the  engineman  may  run  as  usual  over  the  block  or  section,  but 
with  the  exi:)ectation  of  finding  the  station  signals  against  him,  pro- 
tecting a  train  in  the  station,  and  thus  making  a  permissive  block.  In 
such  case  does  the  signalman  give  any  sjsecial  warning  to  the  engine- 
man?    I  imderstand  that  this  rule  has  led  to  several  accidents. 

Mr.  O'Donnell. — He  is  supposed  -to  caution  the  engineman,  biit 
the  rule  you  quote  is  frequently  condemned  by  the  Board  of  Trade 
and  is  very  misleading. 

Mr.  Tratman. — Has  not  the  Board  of  Trade  i^ower  to  prohibit  such 
practice  ? 

Mr.  O'Donnell. — I  believe  it  has,  but  it  hesitates  to  exercise  its 
power  unless  authorized  by  Act  of  Parliament. 

H.  G.  Prout,  M.  Am.  Soc.  C.  E. — There  is  a  point  raised  on  page 
436  of  the  paper  that  is  occupying  a  good  deal  of  the  attention  of 
American  signal  engineers.  That  is,  with  reference  to  the  normal 
danger  position  of  the  automatic  signal.     It  is  a  fundamental  principle 
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in  railroad  signaling  that  the  normal  position  of  the  signal  should  be 
danger;  the  absence  of  a  signal  should  be  a  danger  signal;  the 
positive  signal  should  be  a  clear  signal.  If  there  is  no  signal, 
it  should  mean  danger.  But  in  the  introduction  of  the  aiitomatic 
system  on  the  American  railroads,  we  have  run  against  the  diffi- 
culty of  using  the  normal  danger  jiosition  for  the  signal.  One,  at 
least,  of  the  companies  introducing  the  automatic  system  is  now  put- 
ting in  its  signals  to  be  operated  in  that  way  so  that  they  stand  nor- 
mally at  danger;  but  I  understand  that  railroad  men,  particularly  in 
the  West  where  they  have  long  lines  of  unobstructed  view,  base  their 
idea  of  the  automatic  signal  on  the  ground  that  as  the  engineman  ap- 
proaches the  signal,  which  he  may  see  for  a  long  distance,  if  it  is 
standing  at  danger,  he  does  not  know  whether  it  is  going  to  be  cleared 
or  not,  and  he  does  not  know  whether  to  reduce  speed  or  not,  and  this 
uncertainty  will  cause  delays.  I  can  conceive  that  it  would  be  an  in- 
convenience for  them  to  abandon  the  normal  clear  position;  but  it 
seems  to  be  a  vital  princijile  in  signaling  that  the  normal  position  of 
the  signal  should  be  at  danger,  and  it  woiild  be  interesting  to  hear 
some  discussion  on  this  particular  point.  Mr.  O'Donnell  has,  I 
have,  no  doubt,  very  decided  views  on  the  matter.  Mr.  Wallace  is  here 
now  and  has  had  considerable  experience  with  automatic  signaling, 
and  he  might  tell  us  something  interesting  on  that  point. 

John  F.  Wallace,  M.  Am.  Soc.  C.  E. — I  did  not  come  here  intend- 
ing to  discuss  this  paper.  This  is  a  paper  prepared  by  an  expert  in 
signal  engineering,  and  we  have  very  few  in  our  society.  I  do  not  pre- 
sume to  be  one  myself,  although  I  have  had  more  or  less  to  do  with 
signals.  Mr.  O'Donnell  takes  practically  the  English  standpoint  in 
his  paper;  any  answer  to  him  should  be  carefully  prej^ared,  but  I  am 
willing  to  give,  as  suggested  by  Mr.  Prout,  a  description  of  the  signal 
system  on  the  Illinois  Central  Railroad  which  may  be  of  interest  to 
you  in  this  connection. 

The  road  embraces  3  690  miles  of  line,  and  of  course  the  larger  part 
of  it  is  composed  of  bi'anches  and  outlying  lines  that  a  railroad  com- 
pany cannot  afford  to  signal,  but  we  have  a  modified  telegraph  block 
that  extends  over  the  whole  system.  It  is  what  is  called  the  Har- 
rington system;  that  is,  double semajihore  arms  located  at  all  telegraj^h 
stations  and  are  operated  by  the  telegraph  operators.  Those  arms  are 
held  at  danger  normally;  when  a  train  approaches  the  station,  and  the 
engineer  sees  both  arms  at  danger,  the  engineer  calls  by  whistle  for  his 
signal.  If  the  block  is  clear  or  no  orders  await  the  train,  the  operator 
lowers  the  arm  and  the  train  proceeds.  On  this  portion  of  the  road 
we  have  no  difficulty  in  reference  to  the  point  that  Colonel  Prout 
raised.  Some  of  our  limited  trains  run  at  40  or  50  miles  between 
stations,  and  there  is  no  slacking  sjieed  for  this  reason.  In  the  Chi- 
cago terminal  district,  however,  a  part  of  which  consists  of  eight  tracks, 
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part  of  six  and  part  of  four,  down  to  a  double-track  system,  we  use  wliat 
is  known  as  the  Hall  automatic.  One  district  is  divided  up  into  two 
lines  for  local  suburban  traffic,  the  stations  being  2  600  ft.  apart.  Two 
tracks  are  given  up  to  through  passenger  service,  the  blocks  being  from 
5  000  to  5  600  ft.  apart,  two  to  freight  and  two  to  fast  express  subur- 
ban service.  All  junction  jDoints  are  handled  by  interlocking  systems, 
connected  with  the  automatic  block  systems.  On  this  section  our 
signals  are  not  ojjerated  on  the  normally  danger  jalan,  for  the  reason 
that  Colonel  Prout  spoke  of. 

We  desire  these  trains  to  run  at  high  speed,  and  sometimes  two  or 
more  signals  can  be  seen  ahead  of  the  train,  so  that  it  would  be  liable 
to  cause  our  engineer  to  diminish  the  sjDeed  of  trains  if  they  were 
oiserated  on  the  normal  danger  system.  The  signals,  however,  are  so 
fixed  and  regulated,  that  should  any  blockade  or  failure  occur  they 
would  go  to  danger  automatically.  That  is,  the  normal  position  of  the 
signal  is  at  danger,  but  it  is  held  clear  by  the  electric  action.  Should 
the  electric  action  fail,  or  should  a  switch  be  left  open,  etc.,  the  signals 
■would  come  to  danger  automatically.  We  have  operated  this  system 
for  over  a  year.  During  the  World's  Fair  period  we  handled  at  the 
terminal  stations  from  900  to  1  000  engines  in  24  hours.  We  carried  in 
six  months  19  500  000  people  in  round  numbers.  During  that  jDeriod 
we  had  no  failures,  in  the  sense  that  a  signal  ever  showed  clear  when 
it  should  show  danger.  We  did  have  failures  in  the  sense  that  through 
the  breakage  of  the  wire  or  through  a  short  circuit  the  signals  would 
occasionally  go  to  danger  when  they  should  have  showed  clear.  When 
the  system  was  installed  the  track  circuit  was  not  entirely  perfected, 
but  the  railroad  company  had  the  option  of  changing  to  what  is  called 
the  "track  circuit,"  if  they  desired.  Since  that  time  it  has  all  been 
changed  to  track  circuit.  In  that  system  an  open  switch  between 
Signal  1  and  2  would  change  the  signal  to  "  danger."  The  closing  of 
the  switch  automatically  will  clear  the  signal,  and  in  order  to  prevent 
the  Oldening  of  the  switch  after  the  train  has  passed  into  the  block,  the 
switch  is  ijrovided  with  indieatoi's  and  bells,  so  that  after  the  train  has 
l^assed  into  the  block  the  bell  begins  to  ring,  and  rings  until  the  train 
has  passed  out  of  the  block. 

This  system  has  given  us  perfect  satisfaction,  and  has  satisfied  not 
only  the  engineering  deiDartment,  but  also  all  the  transportation  officers 
who  have  used  it. 

H  B.  Seaman,  M.  Am.  Soc.  C.  E. — Has  Mr.  Wallace  any  electric 
trolley  road  parallel  to  his  line  ? 

'Mr.  Wallace.— We  have  two  crossing  our  line,  but  during  the  term 
before  we  put  the  signals  into  active  service  we  worked  them  under 
cover.  That  is,  the  disks  were  shaded,  but  a  small  aperture  was  left 
so  that  the  signal  engineer  could  see  the  working  of  the  signals.  Dur- 
ing that  time  we   had  one   failure,    due  to  the  ground   circuit.     As 
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I  understand  the  case,  as  reijorted  to  us  by  one  of  the  signal  engi- 
neers, the  circuit  in  the  rail  was  very  slight  and  the  leakage  of  the 
ground  current  from  an  electric  road  crossing  our  rails  caused  a  short 
circuit,  and  we  had  considerable  trouble  until  we  cut  out  a  short  sec- 
tion of  track  for  about  25  ft.  on  each  side  of  this  crossing  and  con- 
nected the  rails  by  wires  past  this  crossing. 

In  reference  to  the  disk  form  of  signal  which  Mr.  O'Donnell  men- 
tions, at  the  last  meeting  of  the  Railway  Association  an  effort  was  made 
to  establish  the  semai^hore  signal  as  the  standard,  excluding  all  others. 
The  Railway  Sujieriutendents'  Association,  I  understand,  decided  that 
either  form  was  allowable.  The  reason  the  Illinois  Central  adopted 
the  disk  signal  was  this — we  found  it  necessary  for  practical,  as 
well  as  economical,  reasons  to  use  an  automatic  signal.  We  had  to 
choose  between  an  automatic  pneumatic,  controlled  by  one  company, 
and  the  disk  controlled  by  another.  The  automatic  semaphores 
applied  to  block  signals  require  a  great  deal  of  care.  We  chose  the 
disk  in  the  first  jalace  because  it  was  enclosed  in  a  case,  it  was  jjro- 
tected  from  the  air  and  operated  by  gravity,  and  it  was  considered  that 
it  would  give  less  trouble  in  maintenance,  and  we  saw  nothing  that 
would  cause  it  to  go  to  safety  when  it  should  show  danger.  Our  inter- 
locking plants  are  situated  at  junction  points  and  connections,  and 
the  tracks  protected  by  semaphore  signals  and  derails.  An  engine- 
man  running  by  these  signals  is  immediately  derailed.  We  desire  that 
the  signals  used  in  any  way  permissively  should  be  of  a  different  char- 
acter from  the  absoUite  stop  signal  of  the  semaphore. 

I  would  like  to  say  one  word  with  regard  to  the  Kinsman  system. 
It  is  this.  The  main  objection  that  I  see  to  it,  from  a  practical  stand- 
point is,  while  the  amount  of  money  that  would  be  necessary  to  expend 
if  it  were  affixed  to  one  individual  locomotive  is  small,  yet  when  you 
attempt  to  apply  it  to  a  line  it  would  be  a  matter  of  great  expense. 
Take  our  road.  On  our  terminal  line  we  have  engines  that  come  over 
the  Michigan  Central  and  the  Big  Four  road.  We  are  liable  to  bring 
engines  into  our  general  repair  shops  for  repair  from  all  the  out- 
lying districts.  In  order  to  use  a  block  system  of  that  character  we 
would  have  to  have  not  only  all  locomotives  in  daily  use  on  this  section 
provided  with  it,  but  also  all  the  other  locomotives  ;  and  in  a  busy 
terminal  like  Chicago,  there  is  a  liability  at  any  time  to  have  freight  and 
other  locomotives  running  over  those  tracks  belonging  to  any  railroad 
entering  the  city.  That,  it  seems  to  me,  is  the  greatest  objection  to 
the  system. 

A  Member. — I  would  like  to  ask  Mr.  Wallace  if  they  had  any  trouble 
■n'ith  their  disk  signals,  due  to  snow  storms  and  sleet? 

Mr.  WaIiLACE. — During  last  winter  we  had  a  great  many  storms, 
and  there  was  only  one  time  that  we  had  any  troixble  from  sleet. 

A  Membek. — Did  it  not  obscure  the  color? 
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Mr.  WAiiiiACE. — No,  not  entirely. 

Mr.  O'DoNNELL. — There  was  one  question  wliich  Mr.  Prout  raised 
and  which  Mr.  "Wallace  corroborated  ;  that  is,  with  reference  to  the  use 
of  the  normal  safety  i^osition  of  the  system  on  the  Illinois  Central. 
The  point  was  raised  that  drivers,  if  the  position  was  "  danger,"  might 
possibly  hesitate  as  to  whether  it  was  to  be  drawn  off  and  would  not  know 
whether  to  slacken  speed.  It  occurs  to  me  that  that  might  be  over- 
come if  you  overlajj  your  sections,  make  Section  1  automatically  lower 
Section  3;  when  he  comes  to  Section  3  he  is  held,  and  so  1,  3,  2,  4 
throughout  the  line,  the  signal  to  lower  before  he  comes  into  the 
section. 

There  was  one  question  which  Mr.  Wallace  raised,  which  was,  as  he 
stated,  the  question  between  the  promoters  of  one  form  of  signal  and 
the  jjromoters  of  another.  Of  course,  thei-e  are  other  signals  in  the 
market  which  have  the  normal  danger  position  and  the  semaphore  arm, 
as  on  the  New  Jersey  Central  to-day. 

Mr.  Tkatman. — I  do  not  see  any  reference  in  Mr.  O'Donnell's  paj^er 
to  the  Mozier  system,  which  is  in  use  on  about  1  000  miles  in  this 
country,  and  diifers  from  most  other  manual  systems  in  being  con- 
trolled by  the  train  dispatcher.  Thus,  while  in  ordinary  systems  the 
orders  are  transmitted  from  one  block  signal  tower  to  the  other  (as  A 
to  B,  B  to  C,  Cto  D,  etc.),  in  the  Mozier  system  they  are  transmitted 
from  the  dispatcher's  office  to  the  operator  in  each  tower  successively 
(as  Xto  A,  X  to  B,  Xto  C,  etc.). 

Mr.  O'DoNNEiiii. — My  paper  is  already  too  long,  and  if  I  were  to 
include  all  the  various  systems  which  promoters  have  introduced,  it 
would  be  a  considerable  book. 

Mr.  Wallace  mentioned  the  semaj^hore  arm  outside  of  the  block  sys- 
tem, which  is  operated  manually. 

Mr.  WAiiLACE. — The  Harrington  system.  It  is  a  combination  system, 
so  far  as  dispatching  the  trains  is  concerned. 

Mr.  O'DoNNELL. — The  New  York  Central,  which  is  operated  by  the 
©Iterator,  has  the  maniial  signal,  which  is  in  front  of  him. 

Mr.  WAiiiiACE. — Yes. 

Mr.  O'DoNNEiiL. — The  fact  of  his  being  a  train  dispatcher  does  not 
interlock  the  two. 

Mr.  Wallace. — There  is  no  interlocking  of  signals  in  this  system. 

J.  Ramsey,  Jr.,  M.  Am.  Soc.  C.  E. — He  may  tie  his  signal  down. 
It  is  simply  the  operator  giving  a  signal  for  a  train  to  enter  the  block 
between  his  station  and  the  next. 

Mr.  O'DoNNELL. — Unfortunately,  the  signal  is  placed  in  the  middle 
of  the  section. 

Mr.  Ramsey. — Mr.  Wallace  referred  to  the  action  of  the  Railway 
Association.  The  lai'gest  portion  of  the  discussions  at  the  Aj^ril 
meeting  was  on  the  signal  question.     The  Association  idea  was  simply 
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to  adopt  tliyee  general  divisions  of  signaling;  one,  the  station  signal- 
ing, which  we  have  just  referred  to;  the  other  a  manually  controlled 
signal,  and  the  third  class  the  automatically  controlled  signal.  A  large 
majority  of  the  railroads  voted  in  favor  of  the  semaphore  arm  as  against 
the  disk  signal.  Further  than  that  they  did  not  go.  They  referred 
the  whole  question  back  to  the  committee,  and  there  the  matter 
remained. 

One  of  the  questions  was  as  to  the  proj^er  light  for  safety,  whether 
it  shoiild  be  white  or  green?  If  the  red  lens  is  broken,  the  safety  signal 
is  shown  (no  matter  what  block  system  is  used),  so  long  as  the  white 
light  is  used  at  night,  so  that  there  may  be  a  safety  signal  given  when 
the  danger  signal  is  intended.  On  account  of  determining  the  proper 
color  for  safety  signal  more  than  anything  else,  the  whole  matter  was 
referred  back  to  the  committee. 

Mr.  O'DoNNELL. — There  has  been  a  great  deal  of  discussion  in  re- 
lation to  the  colors,  but  in  the  British  Board  of  Trade  it  has  been 
decided  that  white  is  the  danger  signal.  In  this  country  you  have 
adopted  the  green  for  the  danger  position,  and,  therefore,  you  have  to 
find  a  substitute  if  you  put  green  as  the  "  all-right  "  signal. 

Mr.  Ramsey. — White  can  be  used  as  a  caution  signal. 

Mr.  O'DoNNELii. — No,  white  should  be  used  as  danger.  Perhaps 
Mr.  Crowell  will  give  us  some  further  information  about  the  Kinsman 
system. 

Mr.  Crowell. — It  will  give  me  great  pleasure  to  do  so  ;  and  first  it 
may  not  be  out  of  place  for  me,  in  as  few  words  as  possible,  to  define 
the  Kinsman  system.  It  is  a  system  of  automatically  stojiping  a  train 
in  the  face  of  danger  through  the  agency  of  electricity.  The  cause 
Avhich  may  stop  a  train  may  be  an  approaching  or  standing  train 
within  the  block,  or  it  may  be  a  train  or  an  engine  or  a  car  on  the  track 
not  ^\dthin  that  block,  but  within  an  adjacent  block  or  a  block  removed 
two  spaces  away,  or  as  many  spaces  as  may  be  desired.  The  commu- 
nication between  the  block  and  the  train  to  be  protected  is  by  wire 
connection,  and  may  be  of  any  convenient  length  ;  usually  it  divides 
the  road  into  blocks  of  track,  protecting  every  alternate  block  as  well 
as  the  adjoining  block  ;  that  is,  each  block  is  protected  from  the 
second  block  away,  either  before  or  behind,  and  also  from  the  adjacent 
blocks  (see  Plate  LXIV) .  The  protection  is,  1st,  from  a  standing  or  mov- 
ing train  on  the  track  ;  -2d,  from  an  open  drawbridge,  or  any  break  in  the 
continuation  of  the  rail ;  3d,  also  from  any  open  or  unlocked  switch, 
for  the  wdring  may  be  so  arranged  that  unless  the  bar  which  locks  the 
switch  is  completely  closed,  the  operation  of  the  system  is  just  as  jjer- 
fect  as  if  the  switch  is  open.  The  system  is  based  on  an  original 
dejjarture  from  all  systems  of  visual  signals.  In  a  proper  sense,  it  is 
not  a  signal  system  at  all,  although  it  can  be  worked  in  combination 
with  a  signal  system  and  signals  can  be  used.     It  operates  as  follows  : 
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The  train,  iu  approaching  a  protected  jjoint,  passes  over  and  in  con- 
tact with  (see  Plate  LXIV)  two  ordinary  guard  rails,  which  may  be  set  at 
the  regulation  distance  from  the  main  rails.  The  locomotive  is  pro- 
vided with  a  contact  brush  (see  Plate  LXV),  which  travels  within  the 
flangeway  of  the  forward  truck.  On  reaching  a  contact  point,  if  the 
guard  rails  are  energized  by  an  electric  current,  the  communication 
between  the  gu.ard  rails  and  the  locomotive  is  set  up  and  the  operation 
follows.  If  there  is  no  energy  in  those  guard  rails  there  is  no  ojjera- 
tion  whatever  of  the  ajsparatus.  To  energize  those  guard  rails  a  cur- 
rent comes  from  a  relay  battery,  which  is  placed  in  a  convenient 
position  near  the  contact,  usually  so  that  the  connection  between  the 
relay  and  that  point  is  a  very  short  one  ;  the  connections  from  battery 
to  contacts  are  protected,  and,  in  order  to  guard  against  the  accidental 
interruption  of  the  relay,  the  latter  may  be  in  duplicate  or  in  tripli- 
cate. The  relay  is  arranged  so  that  the  energizing  current  proceeds 
from  the  battery  to  the  guard  rails  whenever  an  armature  is  drojsped 
in  the  battery  box  ;  that  armature  is  connected  with  the  track  circuit 
and  dropped  by  short  circuiting  or  by  disruption  of  the  circuit.  Pro- 
vision is  made  for  two  automatic  actions  of  the  devices  before  the 
"  section"  in  which  the  cause  of  action  exists  is  reached,  thus  always 
preserving  one  clear  "section"  of  track  between  an  approaching 
train  and  the  point  of  actual  danger.  If  there  is  an  obstacle  on  the 
track,  any  break  in  the  continuity  of  the  track  or  any  other  cause  of 
danger,  the  armature  drops  in  the  battery  box,  operating  the  guard-rail 
circuits  in  adjoining  sections.  When  the  energizing  current  is  in  force, 
the  brush  attached  to  the  locomotive  and  moving  in  the  flangeway  comes 
in  contact  with  the  guard  rails,  and  the  current  passes  thi'ough  the 
wiring  of  the  locomotive  (see  Plate  LXVI)  to  an  electric  air  valve  placed 
in  the  cab.  When  the  energizing  current  reaches  it,  the  valve  is  opened 
and  communication  established  between  the  train  pijje  of  the  ordinary  air- 
brake apjjaratus,  and  a  cylinder  (Plates  LXVI  and  LXVII)  placed  around 
the  valve  stem  which  controls  the  throttle  of  the  engine.  The  admis- 
sion of  the  air  to  this  cylinder  starts  the  valve  stem,  and,  immediately 
after  starting,  communication  is  made  with  the  open  air,  so  that  the 
automatic  action  of  the  brake  is  at  once  set  u-p.  In  other  words,  the 
instant  that  the  contact  brushes  on  the  engine  pass  the  contact  posi- 
tion, the  current  shuts  the  throttle  and  sets  the  air  brake.  No  change 
has  been  made  iu  the  usual  methods  of  operating  the  steam  or  air 
valves  ;  in  fact,  if  the  ajiparatus  was  enclosed  no  change  would  be 
noticeable  to  the  engineer  until  such  time  as  he  failed  to  see  and  obey 
the  danger  signal  or  other  cause  which  required  a  reduction  of  speed 
or  a  full  stop.  Neither  does  this  arrangement  prevent  his  obeying  a 
visual  signal  in  the  ordinary  way,  should  he  have  occasion  for  so 
doing. 

The  operation  that  takes  place  in  the  cab   is  precisely  that  always 
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performed  by  an  engineer  when  he  "  slows  down  "  or  makes  an  ordi- 
nary stoj},  no  more,  no  less  ;  that  is,  the  shutting  off  of  the  steam  by 
•closing  the  throttle  valve  and  the  setting  of  the  air  brakes  by  releasing' 
the  air  from  the  air-brake  system. 

However,  shoiild  it  be  inconvenient  for  the  engine  driver  to  stop  at 
that  i^oint,  or  should  it  not  be  required  of  him  to  do  so,  or  should  he 
wish  to  treat  this  stop  as  a  distant  signal  and  run  to  the  end  of  his 
block  before  coming  to  a  stop,  he  can  immediately  open  the  throttle 
again  and  release  the  brakes. 

The  means  by  which  that  is  brought  about  involves  only  a  very 
simple  addition  to  the  locomotive.  A  new  engine,  of  coiirse,  can  be 
built  in  such  a  way  that  the  appliance  can  be  in  any  desired  form  ;  but 
on  an  old  one  a  small  cylinder  is  jjut  on  the  end  of  the  boiler,  i^rojecting 
out  12  or  14  ins.  to  the  rear  (see  Plates  LXYII  and  LXYIII),  surrounds 
the  lengthened- out  valve  stem.  The  usual  throttle  lever  is  used  ;  the 
throttle  lever,  however,  is  connected  to  the  stem  through  the  medium 
of  an  automatic  clutch,  so  that  the  valve  stem  will  work  without  carry- 
ing the  lever  with  it  in  case  of  an  energizing,  but  the  lever  always  will 
move  the  valve  stem.  The  apparatus,  therefore,  which  is  used  on  the 
engine,  is  extremely  simijle  and  inexj^ensive  ;  it  is  not  subject  to  great 
wear  and  will  last  a  long  time.  The  additional  cost  of  fitting  up  a 
locomotive  with  a  cylinder  is  small.  Plate  LXVIII  is  a  view  of  a 
working  model  showing  locomotive  equipment  in  actual  relation. 
A  is  the  throttle-stem  cylinder,  B  represents  the  boiler  end,  C  is 
the  electric  air  valve,  Fthe  ordinary  engineer's  brake  valve,  and  T'the 
throttle. 

In  this  way  I  reply  to  the  objections  raised  by  Mr.  Wallace.  Also 
as  to  the  statement  that  Avere  the  system  iised  on  one  line  it  would  be 
an  embarrassment  not  to  have  it  applied  to  foreign  locomotives  that 
might  pass  over  that  line,  the  answer  is  that  the  exj^ense  is  light 
enough  to  make  that  objection  uuimi)ortaut.  No  moi'e  objection  at- 
taches to  that  than  to  the  ditferent  couplings  now  in  use.  For  instance, 
our  train  from  Xew  York  over  the  Lehigh  Yalley  Eoad  had  cars  with 
one  style  of  couplers;  on  some  of  the  cars  from  Philadelphia  there  was 
another  style;  and  still  another  is  in  use  on  the  Reading  road,  so  that 
a  change  of  coupler  heads  was  necessary  ea  route.  That  is  an  illustra- 
tion that  that  kind  of  an  objection  is  not  a  serious  one  if  you  are  trying 
to  get  an  ideally  jierfect  system. 

The  application  of  the  Kinsman  system  to  the  block  system  of  stop- 
ping trains  is  therefore  possible,  whether  you  use  it  for  the  absolute 
block,  connecting  two  successive  blocks,  or  intermediate  blocks,  or 
blocks  any  distance  apart.  If  it  is  desired  to  maintain  the  visual  sys- 
tem in  connection  with  it,  it  is  quite  possible  to  adopt  the  signal  too. 
If  it  is  desired  to  retain  the  principles  of  home  and  distant  signals,  the 
same  arrangement  is  possible.     It  can  accomplish  all  that  the  visual 
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system  accomplishes,  and  it  can  accomplish  also  the  protections  which 
the  block  visual  signals  cannot,  that  Mr.  Wallace  has  referred  to. 

The  absence  of  the  necessity  of  looking  out  for  a  signal  is  a  start- 
ling one  when  we  first  regard  it,  but  when  we  consider  that  the  most 
prolific  cause  of  danger  and  accident  is  the  failure  to  observe  a  signal, 
it  is  a  recommendation  for  a  system  that  it  can  be  dispensed  with. 

I  will  only  add  that  the  Kinsman  system  has  passed  its  experi- 
mental stage  and  has  been  in  successful  operation  on  one  of  the  divi- 
sions of  the  Chicago,  Milwaukee  and  St.  Paul  road  for  a  number  of 
months.  I  am  not  in  any  way  connected  with,  or  responsible  for,  the 
system.  I,  however,  superintended,  as  consulting  engineer,  the  prac- 
tical tests  of  the  system  in  its  inception  and  have  watched  its  results 
with  great  care. 

Mr.  O'DoNNELii. — I  do  not  i^rojiose  to  reply  in  detail  now  to  Mr. 
Crowell,  because  I  think  it  would  be  better  to  do  so  when  the  matter 
comes  to  me  in  regular  course,  as  the  meeting  is  now  already  rather 
prolonged.  But  there  are  one  or  two  points  which  Mr.  Crowell  has 
raised  in  which  he  refers  to  an  objection  of  mine  in  connection  with 
the  Kinsman  system;  that  is,  the  obviating  the  necessity  of  looking  for 
the  signal.  I  thiuk  that  is  a  point  in  the  wrong  direction.  It  is  giv- 
ing the  engiueman  an  oi^portunity  for  cai-elessness.  In  the  course  of 
this  paper  I  have  given  my  views  on  automatic  signaling,  and  I  con- 
clude the  Kinsman  system  in  practically  an  automatic  system,  so  that 
my  reasonings  in  the  pajjer  refer  to  the  Kinsman  system. 

I  gather  that  the  Kinsman  should  be  used  as  an  aiixiliary  to  the 
ordinary  signaling.  I  gather  also  there  must  be  some  sort  of  inter- 
locking to  lock  a  switch;  therefore,  you  will  have  all  the  difficulties  of 
interlocking  of  the  ordinary  crossings  of  points,  and  in  case  a  train 
was  shunted  onto  a  siding  and  stood  there  for  an  hour  or  two,  every 
difficulty  that  is  met  with  in  the  ordinary  signaling  will  be  met  with  in 
this  case. 

I  would  like  to  ask  a  question:  About  what  is  the  distance  at  which 
a  train  can  be  brought  to  a  stand? 

Mr.  Crowell. — That  distance  is  not  fixed;  that  is  to  say,  they  can 
have  the  contact  at  any  point  that  may  .be  selected.  That  can  be  any 
distance,  speaking  reasonably,  of  wiring. 

Mr.  O'DoNNELL. — My  meaning  is  somewhat  different.  Immediately 
the  operation  on  the  throttle  valve  is  performed,  to  what  distance 
would  the  train  travel  before  it  came  to  a  stand? 

Mr.  Crowell. — That  would  depend  on  the  speed  of  the  train. 

Mr.  O'DoNNELL. — Take  the  Empire  State  Express. 

Mr.  Crowell. — It  can  be  regulated  to  apply  to  an  emergency  stop, 
or  it  can  be  used  for  a  gradual  stop;  the  ordinary  practice  would  be  a 
gradual  stop,  for  the  reason  that  you  always  have  a  vacant  block  be- 
tween your  i^rotected  block  and  the  block  in  which  the  danger  is;  the 
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system  is  so  wired  tliat  voii  cannot  emerge  from  that  block  witliout 
being  again  stopped. 

In  regard  to  interlocking  I  will  say  my  remark  was  made  in  regard 
to  any  ordinary  switch;  not  necessarily  to  an  interlocked,  bnt  to  an 
unlocked,  switch. 

Mr.  O'DoNNELL. — We  use  a  similar  thing  in  our  system.  I  asked 
you  the  question  regarding  the  distance  because  Mr.  Voorhees,  as  you 
remember,  stated  it  would  require  1^  miles  before  the  train  would  stop. 
That  woiild  not  suit  a  majority  of  the  lines  in  this  country. 

Mr.  Crowell. — The  question  of  sjjeed  is  entirely  independent  of  the 
system  signal.  If  you  try  to  stop  the  train  from  a  visual  signal 
that  is  too  near  the  danger,  it  is  of  no  value.  In  this  case  there  is 
always  a  vacant  intermediate  block,  and  the  blocks  can  be  of  chosen 
length;  if  the  blocks  were,  say,  one  mile  in  length, .you  would  have  al- 
ways two  miles  in  which  to  stop  before  coming  to  the  block  in  which  the 
danger  is.  Any  two  trains,  if  approaching  each  other,  would  mutually 
be  stopped. 

Mr.  O'DojrsELL. — As  I  said  before,  I  will  not  reply  in  detail  until 
I  get  Mr.  Crowell's  notes. 

Mr.  CBOWELii  (by  letter). — Since  the  Convention  I  have  obtained 
through  Mr.  Wilbur  C.  Fisk,  Assoc.  Am.  Soc.  C.  E. ,  General  Manager 
of  the  Kinsman  Block  System  ComjDany,  the  subjoined  table  of  statis- 
tics of  operation  of  the  Chicago,  Milwaukee  and  St.  Paul  installation 
above  referred  to,  and  also  a  copy  of  the  railroad  comiiany's  rules 
governing  its  use  which  will  be  found  interesting  and  instructive. 

The  illustrations,  jHates  LXIV  to  LX"VTTI,  are  fiirnished  by  Mr. 
Fisk,  together  with  the  following  detailed  descrij^tion  of  the  operation 
in  detail  for  both  single  and  double-track  installations. 

The  operation  in  detail  of  the  Kinsman  system  is,  for  a  single-track 
road,  as  follows:  If  a  train,  which  may  be  rei^resented  by  J'(Plate  LXIV) 
is  in  any  section,  as  C-D  ;  the  current  from  the  track  battery  3,  which 
normally  jjasses  through  the  relay  c,  is  short-circuited  by  the  wheels  and 
axles  of  the  train,  thus  allowing  the  armature  of  relay  c  to  drop,  and 
so  completing  the  circuit  of  battery  30,  with  the  exception  of  the  si^ace 
across  from  guard  rail  .r  to  opposite  main  rail  ;  in  other  words,  charg- 
ing guard  rail  x.  The  drojaping  of  the  armature  of  relay  c  also  breaks 
the  circuit  of  battery  13,  which  circuit  normally  passes  through  relays 
c',  c^  and  c\  Thus  by  having  the  circuit  operating  these  relays  broken, 
their  armatures  drop,  and  consequently  close  the  circuits  of  batteries 
23,  22  and  29,  with  the  exception  of  the  spaces  from  guard  rails  p,  n 
and  w  across  to  the  main  rails  opposite.  In  other  words,  a  train  in 
Section  C-B  causes  guard  rails  .r,  w,  p  and  n  to  be  charged,  and  when 
another  locomotive  strikes  any  one  of  these  guard  rails,  the  current  is 
carried  to  its  cab  and  so  causes  the  throttle  valve  to  be  shut  and  the 
air  brakes  to  be  applied. 
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In  the  case  of  a  double-track  road,  the  operation  is  the  same,  except 
that  the  track  is  protected  in  one  direction  only.  For  instance,  a  train  in 
Section  Z)-^  (Plate  LXIV)  causes  current  from  battery  4  through  relaj 
d  to  be  short-circuited.  Therefore,  the  armature  of  relay  d  drops,  caus- 
ing battery  24  to  charge  guard  rails  r.  It  also  causes  current  from 
battery  13  to  be  broken,  therefore  allowing  armature  of  relay  d^  to  drop,, 
which  in  turn  causes  battery  23  to  charge  guard  rails  q.  Also  a  train 
in  Section  J-K,  as  s,  will  cause  guard  rails  x  and  w  to  be  charged. 

Copy  of  Kules  peculiar  to  Chicago,  Milwaukee  and  St.  Paul  Railway. 

Chicago,  April  8th,  1894. 
Engineers, 

EvANSTON  Division  : 

The  Kinsman  block  system  will  be  put  in  service  on  Chicago  and 
Evanston  Division,  between  Lincoln  Avenue  and  Evanston,  noi'th 
bound,  and  Evanston  and  Fullerton  Avenue,  south  bound,  at  12  o'clock, 
noon,  April  9th,  1894. 

Any  obstruction  within  the  respective  blocks,  such  as  train,  car, 
open  switch  or  broken  rail,  will  cause  steam  on  engine  to  be  shut  off 
and  air  brake  apjilied  when  engine  or  train  enters  the  first  block  back 
of  block  in  which  obstruction  exists,  provided  obstruction  exists  at  the 
time  engine  or  train  enters  block  fii-st  named. 

When  your  train  is  stopi^ed  by  the  shutting  off  of  steam  and  appli- 
cation of  air  brake  by  this  block  system,  you  will  proceed  Avith  train 
under  absolute  control  until  obstruction  is  reached  or  until  you  enter 
block  beyond  which  obstruction  existed. 

You  -svill  make  out  and  send  me  for  each  trip,  at  the  end  of  each 
day's  work,  a  report,  showing  ai^plication  of  brakes  by  this  system,  on 
Form  836,  which  will  be  supplied  at  this  office. 

Engineers  will  show  on  this  report  all  cases  coming  to  their  knowl- 
edge where  apiilication  of  air  should  have  been  made  under  this  system,, 
but  was  not.  (Signed),         J.  M.  Bakk, 

Superintendent. 

Descrijition  of  plant  on  the  Evanston  Division  of  the  Chicago,  Mil- 
waukee and  St.  Paul  Railway,  and  record  of  its  operation  from  April 
9th  to  August  1st,  1894  : 

Length  of  road  protected 8.3  miles 

Length  of  track  protected 16.6      " 

Number  of  blocks 28 

"         "  switches   protected 12 

"         "  locomotives  equipped 7 

"         "  trains  protected 63  952 

"         "  times  "  signal  "  set  at  danger..   127  904 

Application  of  brakes  due  to  K.  B.  S 326 

Failures  in  presence  of  danger 0 
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* Qassification  of  Causes  of  Slops  : 

Trains  or  cars 145 

Other  obstructions 9 

Open  switches 4 

Short  circuiting  (in  track  circuit)  : 

Putting  in  electric  crossing  gates 25 

Interference  of  rods  of  interlocking  plant .   10 

Wet  slag  ballast  (chemical  action) 16 

—  51 

Broken  line  wires 20 

Circuit  left  open  bv  battery  cleaner 14 

Defects  in  new  ajjparatus 54 

Causes  not  reported 29 

—      326 

E.  E.  EussELii  Tratmak,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — 
Considerable  reference  has  been  made  in  this  discussion  to  the  use  of 
systems  for  shutting  olf  steam  and  applying  the  brakes  on  a  train 
which  passes  a  signal  at  the  "  danger  "  position,  and  reference  has 
been  made  to  the  difficulty  of  application  of  such  systems  at  distant 
signals  (which  are  admissibly  passed  while  at  that  position)  and  at 
switches.  A  still  greater  objection  is  the  necessity  of  having  all 
engines  equipped  ■«ith  the  apparatus  for  closing  the  throttle  without, 
independently  of  the  engineman.  This  objection  would  be  specially 
great  where  engines  of  other  roads  are  run  and  on  lines  near  the 
shops,  since  every  foreign  engine  and  every  engine  changed  from  one 
division  to  the  other  or  going  to  the  shops  would  have  to  be  equipped 
with  this  apparatus  if  the  system  is  to  be  carried  out.  Mr.  Crowell 
rather  makes  light  of  this  objection  and  refers  to  the  changing  of  car 
couijlers  as  an  instance  of  the  way  in  which  the  engine  equij^nient  can 
be  flitted.  This  does  not  seem  to  be  a  fair  comparison,  as  a  car 
coupler  is  a  single  individual  piece  easily  and  quickly  detached  and 
replaced,  while  the  equipment  for  the  au*:omatic  arrangement  of  an 
engine  includes  piping  and  levers,  attachments  to  the  throttle  rod, 
etc.,  which  involve  shop  work.  It  would  evidently  be  impracticable 
to  place  such  an  equipment  upon  an  engine  operating  only  tem- 
porarily (and  perhaps  at  short  notice)  on  a  line  fitted  with  this  system 
of  signals.  It  seems  to  me  that  such  an  automatic  (or  "train-oper- 
ated ")  system  may  be  ranked  with  the  ingenious  systems  occasionally 
suggested  to  enable  the  engineman  to  operate  the  switches  from  his 
cab.  For  exchanging  of  the  train  staflf  a  train  tablet  appeared  to  be 
a  serious  objection  to  the  use  of  either  system  of  blocking  for  high- 

*  A  number  of  stops  reported  in  this  table  are  palpably  due  to  unfamiliarity  with  the 
system  by  the  maintenance,  force  and  carelessness  or  ignorance  by  section  gangs,  and,  as 
such,  are  never  likely  to  recur.    It  is  to  be  observed  that  all  stops  were  conducive  to  safety. 
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speed  trains,  but  investigation  shows  that  in  England,  Scotland  and 
New  South  Wales  the  Webb,  Manson  and  Quirk  exchangers  are  used 
at  speeds  of  15  and  30  miles,  and  for  express  train  service  in  the  latter 
country.  The  latter  system  has  a  target  or  lamp  hung  to  the  post 
when  the  tablet  is  in  position  ;  and  in  the  absence  of  such  signal,  or  if 
no  tablet  is  taken  oflf  by  the  "  catcher,"  the  enginemau  will,  of  course, 
stop  his  train.  Very  little  reference  has  been  made  to  actual  practice 
here  in  the  cancellation  of  signals,  as  when  a  train  is  admitted  to  a 
section  and  is  there  perhaps  sidetracked  for  a  higher  class  train  to 
pass.  The  signalman  at  the  far  end  of  the  section  has  given  permis- 
sion for  the  first  train  to  enter,  and  is  then  required  to  give  jjermission 
for  another  before  he  has  seen  the  first  one  clear  the  block.  I  am 
strongly  in  favor  of  the  semaphore  arm  as  the  standard  form  of  signal, 
and  of  using  an  automatic  arrangement  (operated  by  the  train)  for 
putting  the  signal  at  danger  as  soon  as  a  train  has  entered  the  block, 
and  locking  it  in  that  position  until  the  block  is  clear,  manual  opera- 
tion being  then  required  to  lower  the  signal  to  indicate  "track  clear  " 
for  another  train. 

Bentley  D.  Hasell,  M.  Am.  Soc.  C.  E.  (by  letter). — As  sickness 
prevented  me  from  being  present  when  Mr.  O'Donnell's  paper  on 
Railroad  Signaling  was  read,  I  beg  leave  to  refer  briefly  to  the 
article,  and  the  subject  on  which  it  treats. 

It  is  to  be  regretted  that  Mr.  O'Donnell  felt  compelled  to  cut  short 
his  able  and  instructive  pajjer  on  Railroad  Signaling,  just  at  the  point 
where  block  signals  must  start  in  the  future,  viz. ,  Signal  Line  Work- 
ing. As  about  90%  of  the  railroads  in  this  country  are  single-track 
roads,  any  system  hereafter  seeking  favors  must  essentially  be  a  single- 
track  signal  which  will  operate  equally  well  on  double  tracks. 

While  it  is  admitted  that  the  systems  now  in  actual  use  are  far  from 
perfect,  and  fall  short  of  being  absolute,  and  while  they  seem  to  cover 
the  field  and  meet  the  requirements  of  the  art  in  a  great  measure  for 
double  linee,  they  are  none  of  them  adapted  to  single  tracks.  The 
reasons  for  this  are  many  and  need  not  be  discussed  here,  further  than 
to  mention  the  principal  objection,  which  is  the  cost  of  installation  and 
maintenance.  Any  opinion,  therefore,  on  the  subject  exj^ressed  by 
such  an  authority  as  Mr.  O'Donnell  would  naturally  start  a  wide  dis- 
cussion, and  result  in  bringing  to  the  front  views  of  signal  experts 
which  would  tend  to  harmonize  the  many  divergent  opinions  now  held 
and  be  of  great  benefit,  not  only  to  "  contracting  companies,"  but  to 
railroads  as  well.  Consequently,  I  hope  he  will  find  it  convenient  to 
write  another  paper  on  this  particular  branch  of  signal  practice  at  an 
eai'ly  day. 

The  impression  conveyed  by  Mr.  O'Donnell,  and,  in  fact,  the  almost 
universal  opinion,  seems  to  be  that  an  adequate  system  of  block 
signals  for  single-track  lines  has  not  yet  been  devised. 
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In  this  I  must  dissent,  for  I  have  seen  a  working  model  (full  signal 
apparatus)  of  four  complete  blocks,  operated  with  track  circuits,  on 
the  normal  danger  plan,  and  which  system  seems  to  possess  all  the  re- 
quisites necessary  for  the  perfect  protection  against  rear  or  header  col- 
lisions, as  well  as  against  broken  rails,  trains  breaking  in  two,  open 
switches,  or  other  obstructions,  and  when  the  first  wheel  of  the  train, 
in  passing,  sets  the  header  signal,  and  the  last  wheel  over  sets  the  rear 
signal.  This  system  I  will  now  briefly  describe,  as  I  have  seen  it 
thoroughly  tested  by  running  cars,  and  placing  them  and  the  tracks 
and  switches  in  every  conceivable  position.  The  signals  have  always 
resjDonded  promptly  and  correctly,  following  each  other  into  and  out 
of  an  exposed  position. 

The  i^rincipal  features  claimed  are,  that  it  is  simple,  positive  in 
action,  absolute,  economical  in  maintenance  and  installation,  form,  for 
both  day  and  night  (color  only  as  an  auxiliary),  and  that  the  use  and 
dependence  upon  electricity  is  reduced  to  a  minimum. 

Plate  LXIX  shows  the  positions  and  operation  of  semaphores  in 
this  system  of  single-track  roads. 

This  system  of  signals  is  arranged  in  series,  connected  by  track  cir- 
cuits, each  series  serving  as  rear  signals  and  header  signals,  according 
to  the  direction  in  which  the  train  is  moving.  The  one  series  serving 
as  rear  signals,  when  the  other  is  serving  as  header  signals.  The  several 
operations  are  accomplished  in  about  the  following  manner. 

The  diagram  shows  trains  T^,  T\  T""  following  each  other  on  single 
track  and  train  T^  api^roaching  from  opposite  direction.  Train  T''  is 
intermediate  of  signals  AP  and  ^''  (which  are  the  signals  for  train  pass- 
ing from  right  to  left),  and  has  locked  signal  A"  to  "danger";  A'  has 
gone  to  "caution"  or  "distant,"  thereby  locking  B'  and  B'  at 
"danger,"  and  7?-  locked  so  that  it  cannot  pass  "caution,"  which 
position  it  takes  on  the  approach  of  train  T'',  which  train  in  turn  locks 
signal  yl'  at  "danger";  so  that  both  trains  are  at  once  apprised  that 
the  i^oint  of  danger  is  at  signal  post  ^'  and  B' .  No  time  is  lost  in 
sending  out  flagmen.  Had  there  been  no  obstruction  intermediate  of 
signals  A^  and  A^,  signal  AJ"  would  have  shown  "clear." 

The  second  operation  shows  a  train  T'  following  T^.  When  it 
reaches  signal  A^,  it  is  found  locked  at  "caution"  by  train  7'^,  the 
home  signal  being  A"  for  train  T-. 

The  third  operation  shows  train  7"'  just  passing  signal  A,  section 
intermediate  of  A^  and  A'  being  "clear,"  signal  A}  shows  "all 
clear."  When  train  T' i^asses  A^,  ^' will  show  "  caiition  "  in  same 
manner  as  described  in  second  operation.  Signals  always  assume  their 
normal  position  of  "danger"  when  train  jaasses.  The  first  wheel  over 
sets  the  header ;  and  the  last  over,  sets  the  rear.  The  setting  of  a 
signal  at  "clear"  has  the  same  effect  as  a  train  on  a  section.  For 
instance,  as  long  as  signal  A  stands  at  "clear,"  A,  B^  and  B'  will  re- 
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main  locked  at  "danger";  and  B^  locked  so  that  it  cannot  pass 
"caution."  Therefore,  it  is  seen  that  no  auxiliary  signals  (such  as 
torpedoes,  flagmen,  etc.)  are  necessary ;  and  no  possible  combination 
of  circumstances  can  bring  about  a  "  clear  "  signal  when  it  ought  to 
be  "danger"  or  "caution." 

In  this  system,  there  is  no  strain  on  the  armature  of  magnets,  a» 
electricity  is  only  used  for  a  fraction  of  a  second  and  then  only  to  trip 
the  power.  The  arrangement  of  the  semaphore  blades  (see  di'awing)  is 
such  that  the  signal  can  never  be  misunderstood,  as  form  is  the  essen- 
tial feature.  Color  is  not  necessary  by  day,  excej^t  as  a  concession  to 
custom.  At  night,  the  lights  are  so  arranged,  with  such  colors  as  are 
desired,  as  to  show  one  light  for  "danger,"  two  for  "caution,"  and 
three  for  "all  clear,"  or,  if  preferred  by  the  railroad  company,  a  fixed 
light  with  disapi3earing  sijectacles  of  diiferent  colors  brought  into 
position  by  the  respective  arms  for  which  they  are  intended. 

In  this  description  I  have  tried  to  be  as  brief  as  possible,  and  con- 
sequently many  points  of  detail  have  been  left  out.  I  think,  however, 
sufficient  has  been  said  to  convince  all  that  a  decided  step  has  been 
taken  in  the  right  direction,  and  my  opinion  is,  that  no  signal  not 
fully  covering  the  points  outlined  in  this  article  will  ever  hereafter 
receive  serious  consideration. 

Mr.  O'DoNNEiiL  (by  letter). — There  is  considerable  force  in  th© 
remarks  of  Mr.  B.  D.  Hasell  in  his  written  contribution  to  this  discus- 
sion :  ' '  That  it  is  to  be  regretted  that  the  author  felt  compelled  to  cut 
short  his  paper  on  Railway  Signaling  just  at  the  point  where  block 
signals  must  start  in  the  future,  namely,  single-line  working." 

On  page  451  of  my  paper  I  said  that  any  j^aper  on  block  working  is 
certainly  not  complete  without  an  exhaustive  treatment  of  single-line 
working,  and,  further,  that  the  subject  was  too  extensive  and  import- 
ant to  be  lightly  dealt  with,  and  that  the  matter  would  have  to  be  left 
for  another  occasion. 

Undoubtedly,  single-line  working  is  of  far  more  consequence,  so  far 
as  the  safety  and  the  results  obtained  from  it  are  concerned,  than  double- 
line  working,  from  the  simple  fact  that  head-on  collisions  are  liable  on 
single-line  roads,  and  although  possible  on  double  lines,  still,  they  are 
not  probable.  Moreover,  bearing  in  mind  that  9Q%  of  the  railroads  of 
the  United  States  are  single-track  roads,  it  is  undoubtedly  the  case  that 
signaling  for  such  single  lines  should  have  more  serious  consideration 
than  heretofore,  in  view  of  the  further  opportunities  for  collisions. 

Should  no  other  member  of  this  Society  take  in  hand  a  jaaper  on 
block  working  for  single-line  railroads,  I  would  be  jjleased  to  do  so 
on  a  future  occasion. 

The  discussion  on  my  paper  drifted  into  an  explanation  of  the  merits 
and  advantages  of  new  automatic  systems  appealing  to  the  public.  I 
regret  to  say  that  there  was  very  little  discussion  on  the  jjoints  raised 
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in  my  paper,  with  the  exception  of  one,  which  is  certainly  an  imjiort- 
ant  one,  and  that  is,  the  normal  jiosition  of  the  signal. 

As  to  the  several  definitions  of  block  signaling  set  forth  by  the 
American  Eailroad  Association,  that  is,  the  telegraph  block,  the  manual 
and  the  automatic,  hardly  a  word  was  said  on  these  subjects  ;  more- 
over, the  old  contentious  point  of  the  distant  signal  even  was  not  dis- 
cussed, and,  as  I  have  said  before,  the  discussion  dwindled  into  an 
explanation  of  comparatively  new  devices  for  block  working.  The 
main  portion  of  the  discussion  related  to  the  Kinsman  block  system 
and  to  the  Hall  block  system,  Mr.  Hasell  contributing  matter  relating 
to  his  own  system.  I  would  point  out,  however,  that  my  object  in 
writing  this  paper  and  any  papers,  is  not  for  the  particular  recom- 
mendation and  particular  explanation  of  any  individual  system  ;  it  is 
rather  to  i^ut  forward  suggestions  relating  to  the  fundamental  princi- 
ples of  signaling  to  which  any  system  should  conform. 

It  must  be  obvious  to  the  railroads  of  the  United  States  that  a  gen- 
eral system  involving  uniform  standards  is  the  best  for  their  interests, 
and  it  would  seem  to  require  little  reasoning,  or  even  trouble,  to  arrive 
at  certain  standards  which  must,  in  sjjite  of  individual  exertions,  be- 
come the  standards  of  the  future  ;  take,  for  instance,  the  question  of 
the  shape  of  the  block  signal.  Can  any  one  reasonably  suggest  a  disk, 
which  has  only  color  and  not  position,  for  indication  as  against  a 
semaphore  arm  which  has  position  and  color,  if  you  like,  though  the 
color  is  not  important  for  the  day  signal  ?  The  argument  in  favor  of  it, 
no  doubt,  by  those  who  promote  the  disk  signal,  is  from  the  fact  that 
at  night  the  color,  which  is  not  considered  of  importance  in  the  day, 
is  bound  to  be  considered  as  the  night  signal,  since  movement  and 
position  of  the  semaphore  arm  are  not  available  at  night  ;  but,  if 
advantages  at  day  time  can  be  gained  by  the  semaphore  arm,  there  is 
no  reason  why  an  alteration  should  be  made  in  favor  of  a  disk  ;  more- 
over, the  majority  of  the  railroads  of  the  old  world  have  used  the  sema- 
phore arm  for  the  last  half  century,  and  the  trunk  lines  of  the  United 
States,  such  as  the  New  York  Central  and  Pennsylvania  Railroads,  have 
also  adopted  the  semaphore  arm. 

The  question  of  the  shape  of  the  signal  is  one  ailecting  the  engi- 
neers of  trains.  In  these  days  when  lines  are  liable  to  be  traveled  over 
I)y  foreign  locomotives  it  is  desirable  that  a  uniform  and  standard 
form  of  signal  should  be  adopted  so  that  an  engineer  in  charge  of  a 
train,  no  matter  on  what  line  he  may  be  traveling,  will  see  the  same 
form  of  outward  indication  for  guidance. 

One  point  that  is  raised  for  the  use  of  a  disk  in  lieu  of  a  semaphore 
as  the  block  signal  on  a  passenger  road  is  the  cheapness  in  the 
manipulation,  but,  although  this  is  a  jjoint  which  must  be  considered 
by  some  of  the  railroads,  still,  the  little  extra  expense  to  operate  a  sema- 
phore arm  is  not  one  which  ought  to  be  considered  in  signaling  schemes 
for  the  safetv  of  railroads. 
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two  semaphore  blades  for  one  indication,  one  blade  being  on  the  left- 
hand  side  of  the  post  and  the  other  on  the  right-hand  side. 

There  would  appear  to  me  to  be  no  reason  why  a  departure  should 
be  made  from  the  present  system  of  semaphore  blade  for  home  and 
starting  signal,  or  advance  starting  signal,  and  the  distant  signal  blade 
with  forked  end;  these  seem  to  fulfill,  with  their  present  mode  of 
working,  all  the  requirements  of  railway  signaling,  and  it  would 
appear  somewhat  late  to  endeavor  to  revolutionize  this  system  by  a 
different  understanding  of  these  arms. 

Again,  I  may  be  wrong  in  my  understanding  of  Mr.  Hasell's 
views. 

It  is  generally  fully  set  forth,  and  the  most  made  of  it,  that  in  the 
majority  of  the  automatic  systems  of  signaling,  whether  the  several 
systems  promoted  and  in  use  in  the  United  States  or  those  tried  in 
Europe,  immediately  on  the  operation  of  a  conflicting  switch  the  rela- 
tive signal  is  thrown  to  "danger,"  or  when  a  switch  is  misplaced  the 
relative  signal  cannot  be  lowered  to  the  "  safety  "  attitude.  This  may 
appear  to  many  railway  engineers,  who  have  not  studied  signaling,  to 
be  all  that  is  required,  for  it  gives  a  kind  of  color  to  these  systems  as 
though  the  conflicting  switches  and  signals  were  securely  interlocked. 
Assuming,  however,  that  an  express  train  (for  better  illustration)  is  on 
its  journey  on  a  line  where  an  automatic  system  of  signaling  is  in 
operation,  and  that  the  signal  commanding  entrance  to  the  next  sec- 
tion is  lowered  to  the  "  safety  "  attitude,  as  the  train  approaches  the 
signal,  the  switch,  which  is  a  hand  switch,  is  either  operated  by  a  man 
on  the  ground,  or,  for  some  reason,  springs  back  or  moves  out  of  its 
correct  position,  the  protecting  signal  is  thrown  to  the  "  danger  "  atti- 
tude, but  it  is  not  to  be  expected  that  the  train  can  stop  at  an  emer- 
gency of  that  kind  ;  should  anything  be  coming  out  of  a  siding  or 
shunting  in  the  direction  of  the  main  line,  the  possibility  is  that  it 
might  go  through  the  safety  switch  and  on  to  the  main  line  that  the 
express  is  approaching  on.  This  may  or  may  not  be  a  fancied  case, 
but  this  much  remains,  that  with  a  manual  system,  that  is,  not  an 
automatic  system,  where  the  switches  and  signals  are  concentrated  in 
one  spot  and  interlocked,  so  long  as  the  passenger  signal  is  deflected  to 
the  "safety"  attitude,  the  lever  operating  the  conflicting  switch  is 
locked  and  no  movement  can  take  place  out  of  the  siding ;  that  is  to 
say,  that  the  switch  is  not  free  to  be  moved,  even  although  it  might 
put  the  passenger  arm  to  "  danger."  The  passenger  arm  is  master  of 
the  situation,  and  as  long  as  it  is  deflected  no  conflicting  switch  move- 
ment can  take  place. 

Of  course,  it  would  be  possible  to  make  the  deflection  of  the  pas- 
senger arm  insert  a  bolt  or  some  other  lock  into  all  conflicting 
switches  that  foul  the  line  to  which  the  passenger  signal  applies,  but 
this  would  mean  considerable  expense,  and,  so  far  as  I  am  aware,  does 
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not  form  part  of  the  automatic  systems  generally  in  nse  in  the  United 
States. 

I  make  these  remarks  with  more  i^articular  reference  to  the  state- 
ments of  Mr.  Wallace,  as,  in  view  of  his  experiences  with  the  signals 
on  the  Illinois  Central,  particularly  where  he  says  that  the  closing  of 
the  switch  automatically  would  clear  the  signal,  and,  in  order  to  pre- 
vent the  ojiening  of  the  switch  after  the  train  has  i^assed  into  the 
block,  the  switch  is  provided  with  indicators  and  bells,  so  that  after 
the  train  has  passed  into  the  block  the  bell  begins  to  ring,  and  rings 
until  the  train  has  passed  out  of  the  block  ;  this  would  appear  to  bear 
out  my  view  that  no  direct  interlocking  (by  bolt  or  blade)  of  the 
switch  by  the  signal  is  in  operation.  It  must  be  obvious  that  the  I'ing- 
ing  of  a  bell,  while  it  may  be  a  reminder,  is  not  a  preventive,  and  that 
in  the  rapid  passage  of  trains  past  a  given  spot  an  operator  may  be 
excused  for  not  distinguishing  between  bells,  or"even  hearing  them  at 
all.     However,  no  safety  is  given  by  this  system. 

One  of  the  leading  advantages  claimed  for  these  automatic  systems 
(it  should  not  be  claimed  as  an  advantage,  for  it  should  undoubtedly 
be  insisted  upon  as  an  essential)  is  that  no  failures  occur  in  the  sense 
that  the  signal  ever  showed  "  clear  "  when  it  should  show  "  danger." 
It  would  be  an  interesting  return  to  see  how  many  times  the  signals 
showed  "  danger  "  when  they  ought  to  show  "clear,"  because  in  short 
sections  on  a  busy  line  where  there  may  be  a  three  or  four-minute  ser- 
vice of  trains,  a  signal  showing  "danger,"  when  it  ought  to  show 
"  safety, "  means  blocking  the  whole  of  the  sections  in  the  rear  and 
thereby  susj)ending  the  traflSc. 

I  understand  that,  after  a  given  time  where  an  automatic  system  of 
signaling  is  in  operation,  the  engineer  of  a  train  is  allowed  to  pass  the 
signal  and  proceed  cautiously  forward;  therefore,  the  instruction  to 
an  engineer  is  exactly  the  same  in  a  case  where  a  signal  has  failed  to 
go  from  "  danger  "  to  "clear,"  when  it  ought  to,  as  in  the  case  when 
the  block  in  advance  is  occupied,  and,  therefore,  the  rear  sectional 
signal  should  be  at  "danger."  The  human  agency  which  the  auto- 
matic system  proposes  to  eliminate  would,  in  cases  of  this  kind,  be  a 
valuable  acquisition  to  inform  engineers  by  flag  or  otherwise,  as  to  the 
true  state  of  the  case,  the  cause  of  the  delay,  blocking  of  the  line,  or 
nature  of  the  accident. 

I  may  say  that  I  regret  I  cannot  follow  Mr.  Wallace  in  the  distinc- 
tion which  he  draws  between  a  disk  passenger  signal  and  a  semaphore 
passenger  signal.  He  mentions  that  at  interlocking  plants  situated  at 
junction  points  and  connections,  the  tracks  are  protected  by  semaj^hore 
signals  and  derails.  I  gather  that  it  is  the  derail  which  is  the  import- 
ant question  here,  and  that  it  is  the  desire  to  educate  the  engineer  to 
take  more  notice  of  a  semaphore,  in  view  of  the  fact  that  if  he  passes 
it  at  "  danger  "  he  will  be  derailed,  and  that  with  regard  to  the  disk, 
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it  is  permanently  employed,  so  that  if  he  does  run  by  it,  there  being 
no  derail,  he  will  not  go  off  the  line.  So  far  as  the  traveling  public  is 
concerned,  it  would  appear  that  if  two  separate  forms  of  the  signal  are 
to  be  employed,  that  the  important  one,  which  is  the  semaphore,  should 
be  employed  where  there  is  no  derail,  and  where,  if  the  signal  is  passed 
at  "  danger,"  an  accident  would  occur.  I,  however,  consider  it  a  very 
doubtful  practice  to  recommend  or  even  countenance  the  use  of  two 
forms  of  signals  on  passenger  roads,  one  of  which  may  be  permissive 
and  the  other  absolute.  So  far  as  the  meaning  of  any  signal  is  con- 
cerned, except  the  distant  signal,  no  matter  what  the  shape  may  be,  if 
in  the  "  danger  "  attitude,  it  should  command  respect  from  the  engi- 
neer, and  he  should  be  educated  to  have  his  train  sufficiently  under 
control  to  stop  at  it.  Therefore,  the  semaphore  arm,  which  Mr.  Wal- 
lace illustrates  as  ensuring  more  respect  from  engineers  in  charge  of 
trains  in  view  of  the  possibility  of  a  derail  beyond  it,  should  be  the 
adopted  day  signal  for  engineers  in  charge  of  trains,  as,  after  all,  the 
most  we  want  or  expect  from  drivers  is  to  stop  at  signals  and  obey 
them  when  at  "danger." 
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IMPROVEMENT  OF  GRAY'S  HARBOR,  WASH. 


By  BoiiTON  W.  De  Coukcy,  M.  Am.  Soc.  C.  E. 
Read  Septembek  19th,  1894. 


WITH  DISCUSSION. 


An  examination  of  the  harbors  of  the  United  States  on  the  Pacific 
coast  will  demonstrate  that,  in  order  to  make  them  available  for  craft 
drawing  over  15  ft.,  improvements  must  be  made  by  the  general  Gov- 
ernment. Harbors  of  refuge  are  much  needed,  inasmuch  as  the  pre- 
vailing storms  in  winter  cause  the  shore  to  be  a  lee,  which  circum- 
stance, with  the  course  of  the  great  Japan  current,  causes  loss  of  vessels 
and  life. 

The  general  Government  has  had  an  investigation  made,  and  esti- 
mates for  a  harbor  of  refuge  at  Port  Orford  in  Oregon,  but  nothing 
further  has  been  done  as  far  as  the  writer  is  aware.  Appropriations  have 
been  made  and  improvements  are  being  carried  out  for  harbors,  or 
rather,  harbor  entrances,  at  Yaquina  Bay,  the  Coquille  Eiver  entrance, 
the  Siuslaw  and  Coos  Bay,  all  in  Oregon  and  south  of  the  Columbia 
Eiver,  but  no  attention  has  been  hitherto  paid  to  any  place  north  of 
that  river. 
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There  are  two  fail*  entrances  north  of  the  Columbia  River,  both  of 
which  gives  the  best  natural  entrance  on  the  coast,  north  of  San  Fran- 
cisco; these  are  Shoal  water  Bay  or  Willajjah  Harbor  and  Gray's  Har- 
bor. It  is  the  purpose  of  this  paper  to  direct  attention  to  the  latter 
alone. 

The  United  States  Coast  and  Geodetic  Survey,  in  the  fall  of  1891, 
made  a  survey  of  the  bar  at  the  entrance  to  Gray's  Harbor,  which 
shows  in  the  line  of  deepest  water  a  minimum  depth  of  16  ft. 

The  crest  of  the  bar  at  that  depth  is  less  than  i  mile  in  width,  and 
the  distance  between  the  outer  and  inner  18-ft.  curves  is  about  i  mile; 
the  bar  is  .3  miles  from  the  gorge  of  the  entrance  formed  by  the  two 
points.  Point  Brown  or  Damon's  on  the  north  and  Chehalis  or  Peter- 
son's on  the  south  ;  the  distance  between  these  ^joints  at  low  water  is 
about  J  mile;  at  high  water,  2  miles  ;  at  low  water  the  minimum  depth 
at  this  gorge  is  48  ft. ;  the  maximum,  81  ft.  These  points  are  the  re- 
sultants of  several  natural  forces,  which  are  the  Jaj^anese  current,  the 
prevailing  northwestern  or  southwestern  storm  winds  and  the  fluvial 
discharge. 

The  channel  of  deepest  water  over  the  bar  has  a  tendency  to  vibrate 
over  a  certain  distance,  but  a  close  examination  of  the  entire  crest  will 
show  that,  although  the  discharge  from  the  harbor  expands  and  covers 
a  distance  of  over  3  miles  in  width,  the  difiference  in  depth 'from  the 
line  of  deepest  water  is  only  a  few  feet  less,  which  assures  that,  if  the 
water  be  properly  concentrated  by  jetties,  a  depth  suflBcient  for  any 
sea-going  craft  can  be  obtained. 

The  Pacific  Ocean  breaks  at  the  10-fathom  curve,  and  this  curve  is 
closest  to  the  shore  opposite  to  the  entrance  to  Gray's  Harbor;  there- 
fore, the  combers  will  have  less  extent,  and  last  January  demonstrated 
the  fact  that  vessels  can  safely  enter  at  all  times,  and  the  depth  of 
water  is  the  only  limiting  force. 

The  harbor  is  somewhat  of  a  heart  shape,  with  the  top  toward  the 
west.  North  and  south,  it  is  in  its  greatest  width  about  12  miles,  and 
east  and  west  about  15  ;  at  low  water,  several  channels  are  developed, 
with  an  extent  of  sand  and  mud  banks  separating  them. 

Besides  the  Chehalis  River,  the  main  stream,  there  are  the  Hump- 
tulips,  the  Hoquiam,  the  Wiskah,  the  Newskah,  the  John's  and  the 
Elk  Rivers,  beside  numerous  creeks  discharging  into  the  harbor,  the 
water-shed  covering  about  3  500  square  miles  with  a  rainfall  of  90  ins. 
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There  are  two  well-clefiued  channels  extending  from  the  mouth  of 
the  Chehalis  Eiver  to  the  gorge  ;  these  are  connected  by  two  cj-oss 
channels. 

The  main  channels  are  locally  distinguished  by  the  names  north, 
south  and  middle. 

At  the  east  end  of  the  harbor  is  situated  the  town  of  Hoquiam, 
where  are  large  lumbering  interests  and  immediately  adjoining,  but 
on  the  Chehalis  River  before  it  enters  the  harbor,  is  the  city  of  Aber- 
deen, also  with  a  number  of  large  saw  and  shingle  mills,  and  adjoining 
this  city  is  the  town  of  Cosmopolis,  with  the  fine  lumbering  establish- 
ment of  the  Gray's  Harbor  Commercial  Comj^any  and  several  shingle 
jjlants. 

The  annual  output  of  these  establishments  amounts  to,  when  run- 
ning at  their  full  capacity,  171  000  000  ft.  B.  M.,  and  213  000  000 
shingles.* 

There  are  also  canneries  and  other  establishments. 

The  only  other  town  of  any  consequence  on  the  harbor  is  Ocosta, 
situated  on  South  Bay.  It  has  two  saw-mills,  a  tub  and  jjail  factory,  a 
brewery,  ice  j)lant,  flour  mill,  sash  and  blind  and  several  shingle 
factories.  It  is  also  one  of  the  termini  of  the  Northern  Pacific  Rail- 
road, and  the  nearest  one  to  the  ocean  being  only  3  miles  from  the 
entrance  between  the  points. 

Several  years  ago,  a  survey  of  the  Chehalis  River  and  Gray's  Harbor, 
Avith  a  view  to  its  improvement,  was  ordered  by  Congress.  This  was 
made  and  a  project  approved,  for  laying  out  an  appropriation  of 
^50  000,  which  sum  was  expended  in  the  removal  of  the  shoal  at  Cow 
Point,  between  Aberdeen  and  Hoquiam.  Twenty-two  ins.  in  depth  was 
gained  over  a  limited  area  by  this  outlay,  but  at  the  expense  of  the 
lower  shoal  near  the  long  wharf. 

The  best  authorities  hold  that  improvements  to  streams  should  be 
begun  at  the  lower  part,  as  it  is  sure  then  that  the  benefit  is  felt  of  all 
finished  work  as  you  proceed,  and  this  is  proved  in  this  case,  for  the 
silt  and  sand  from  Cow  Point  shoal  was  deposited  in  the  exjaanded 
channel  and  added  to  the  shoal  caused  by  the  meeting  of  the  waters 
of  the  Chehalis  and  Hoquiam  rivers  with  those  of  the  middle  channel. 

The  work  of  improvement  consists  of  a  system  of  pile  jetties,  com- 
mencing at  the  south  bank  of  the  Chehalis,  and  extending  by  angular 

*  Report  of  the  Chief  of  Engineers,  U.  S.  Army. 
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courses  across  tlie  south  channel,  leaving  a  sjiace  of  1  000  ft. ,  mattressed 
so  as  to  give  a  depth  of  8  ft.,  T\ith  a  jetty  dam  of  the  same  construction 
across  the  middle  channel. 

If  the  lower  shoal  had  been  taken  care  of  at  first,  the  writer 
believes  the  results  would  have  been  miich  more  satisfactory.  He 
also  thinks  that  where  water  is  to  be  trained,  it  is  of  much  benefit 
to  use  curves,  as  water  will  follow  such  an  alignment,  but  is  sure  to 
cause  an  eddy  where  angles  are  used. 

With  proper  calculations  and  a  curved  trace,  enough  water  could 
have  been  deflected  from  the  river  by  a  jetty  unconnected  with  the 
south  bank  to  perform  all  the  scour  needed,  and  this  curved  trace, 
with  the  concave  face  to  the  north,  would  have  had  a  tendency  to  make 
the  deep  channel  along  the  jetty,  and  not  as  it  does  at  present,  deflect 
the  current  toward  the  embouchure  of  the  Hoquiam  River,  thus  tend- 
ing to  form  a  bar  below  it. 

These  jetties  are  formed  of  piling  driven  6  ft.  apart  in  two  rows, 
with  mattresses  of  brush  sunk  and  filled  in  with  fascines  weighted 
with  stone  and  sand  bags. 

The  writer  is  confident  that  this  construction  is  unnecessarily  ex- 
pensive, as,  there  being  no  teredo,  a  system  of  piles  and  sheet  piling- 
would  answer  every  purpose,  and  it  would  certainly  happen  that  the 
jetties  would  fill  up  with  sand  in  the  inside. 

From  the  mouth  of  the  John's  River  at  Markham,  north  to  Ned's 
Rock,  there  is  a  neutral  line  east  of  which  is  a  deposit,  princiijally  silt. 
West  of  this  line  sand  preponderates;  this  line  would  seem  to  be  the 
limit  in  the  main  for  the  silt  of  the  river,  and  the  sand  brought  in  by 
the  flood  tide. 

Below  the  mouth  of  the  Wiskah  at  Aberdeen,  the  Chehalis  River 
has  a  width  of  1  100  ft.  Its  mean  hydraulic  depth  is  15.76  ft.  at  low 
water.  Just  below,  however,  near  Cow  Point,  tlie  river  expands  to  2  300 
ft.,  with  a  mean  hydraulic  dejjth  of  10.18  ft.  also  at  low  water.  The 
most  natural  course  for  improvement  in  direction  is  the  south  channel. 
This  gives  the  shortest  distance  to  the  ocean,  is  nearly  direct  and 
curved  so  as  to  give  the  nearest  channel  to  the  shore,  requiring  wharfs 
of  moderate  length  to  get  to  deep  water;  but  the  commercial 
interests  of  Hoquiam  as  regarded  by  those  controlling  them  demand 
the  improvement  of  the  north. 

The  training  of  the  channel  should  be  done  with  care.    It  cannot  be 
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done  excei3t  at  the  expense  of  the  tidal  area;  but  if  given  a  proper 
alignment  and  direction,  as  well  as  a  right  proportion  in  width,  the 
volume  of  water  is  ample  to  preserve  the  reqiiisite  depth. 

The  width  should  be  enlarged  as  it  approaches  the  neutral  line,  and 
in  the  opinion  of  the  writer  should  not  be  carried  any  further. 

The  river  mouths  ought  to  be  trained  so  as  to  flow  into  the  main 
channel  parallel  to  the  main  stream.  The  Hoquiam,  before  the  improve- 
ment, had  such  an  embouchure,  and  the  two  rivers  maintained  separ- 
ate channels,  the  Hoquiam  to  the  north  of  the  lower  shoal  and  the 
Chehalis  to  the  soiith  of  it.  The  Chehalis,  now  diverted  by  the  im- 
provement, is  filling  up.  This  is  proved  by  the  grounding  of  the 
United  States  Coast  and  Geodetic  Survey  steamer  Mc Arthur,  and  a  few 
days  after  of  the  steamer  Point  Loma.  Lieutenant  Crosby,  who  is  in 
command,  states  that  the  tide  was,  if  anything,  over  the  half  when 
he  grounded,  and  the  charts  show  that  there  was  formerly 
plenty  of  water  at  that  state  of  the  tide  to  float  a  vessel  with  greater 
draft  than  the  Mc  Arthur. 

While  the  training  of  the  river  through  the  harbor  is  commercially 
of  the  greatest  imj^ortance,  the  writer  considers  the  matter  of  a  harbor 
of  refuge  of  still  more  consequence.  During  the  last  few  seasons 
sevei'al  large  steel  vessels,  waiting  for  an  opportunity  to  enter  the 
Columbia  Eiver,  have  been  wrecked,  with  great  loss  of  life,  north  of 
the  entrance  to  .Gray's  Harbor.  The  last  two  were  the  Abercorn, 
laden  with  railroad  iron,  and  the  Ferndale,  with  Scotch  coal. 

North  and  south  bays  give  a  large  area  of  anchorage  and  good 
shelter  from  all  storm  winds,  and  the  depth  of  water  at  the  gorge 
would  give  assurance  of  as  deep  water  on  the  crest  of  the  bar  if  pro- 
portioned in  the  same  manner.  The  rise  of  tide  on  the  bar,  according 
to  the  notes  of  the  United  States  Coast  and  Geodetic  Survey,  is  for  the 
mean  of  the  greater  high  waters,  9.38  ft.,  and  for  mean  of  the  lesser, 
7.71  ft.  This  gives  25.38  ft.  and  23.71  ft.  as  the  greater  and  lesser 
depths  at  high  water  on  the  bar. 

In  the  harbor  this  height  is  increased,  as  is  usual  under  such  cir- 
cumstances; extreme  rise  of  tide  at  Aberdeen  apjiroaches  13  ft. 

It  is  a  difficult  matter  to  procure  good  stone  on  the  harbor,  and  the 
writer  is  certain  that  a  construction  as  described  for  the  training  of  the 
river,  properly  modified,  would  be  successful,  as  the  volume  of  fresh 
water  coming  to  the  bar  is  so  great  that  frequently  quite  fresh  water 
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can  be  dijiped  uj)  aud  it  is  never  more  tlian  brackish  in  the  main  chan- 
nel, so  the  destructive  teredo  is  no  where  to  be  found,  and  fascine 
filling,  loaded  with  sand,  would  be  likely  to  answer  all  jjurposes. 

The  dejjth  of  water  at  the  gorge  at  low  water  would  also  indicate 
that  half-tide  jetties  would  supply  all  the  concentration  of  force  ne- 
cessary to  give  a  dejjth  sufficient  for  vessels  of  the  greatest  draft,  and 
thus  the  tidal  area  would  be  made  available  to  the  fullest  extent  by 
the  free  admission  of  the  flood  tide. 

The  neutral  line  mentioned,  where  the  sand  meets  the  silt  of  the 
river,  indicates  a  deposit  of  sand  brought  in  by  the  flood  tide,  but 
there  is  also  another  cause  for  this  deposit,  viz.,  the  prevailing  storm 
winds  from  the  northwest  and  southwest.  This  traveling  of  the  sand 
can  be  both  seen  and  felt,  but  can  be  easily  remedied  by  the  cultiva- 
tion of  the  Arnndo  Arenarea. 

While  accretion  and  abrasion  has  been  going  on  about  the  north 
point,  the  alterations  in  the  soiith  are  scarcely  perceptible;  in  fact,  the 
shore  has  not  materially  changed  in  11  years. 

To  conclude,  the  rules  to  govern  in  the  main  and  to  be  carefully 
considered  are:  To  give  the  river  a  iiniform  depth  by  regulating  the 
alignment,  flow  and  width,  using  formulas  found  to-  give  satisfactory 
results  by  the  experience  of  others,  and  recognizing  the  fact  that  to 
obtain  this  the  current  must  be  as  equable  as  possible  and  the  channel 
as  straight  in  direction. 

The  ebb  tide  is  the  most  efficient  agent  to  deepen  the  channel  oyer 
the  bar;  therefore,  it  follows  that  the  admission  of  the  flood  must  be  as 
unrestricted  as  possible.  Converging  jetties,  as  so  successfully  used 
at  Dublin  and  other  jjlaces,  must  be  used. 

Dredging  may  be  advantageous  in  some  places,  as  thus  the  silt  may 
be  got  rid  of  without  a  deposit  again  in  some  other  j^art  of  the  channel, 
and,  by  jjumping,  the  land  reclaimed  may  be  sooner  rendered  available 
and  of  considerable  value. 

The  extreme  narrowness  of  the  crest  of  this  bar  is  occasioned  pro 
bably  by  the  Jajian  current  causing  erosion  on  the  ocean  side,  and  if 
the  jetties  be  carried  to  a  little  beyond,  there  will  be  no  farther  exten- 
sion of  the  bar  seaward.  This  current  is  so  pronounced  here  that 
vessels  entering  have  to  take  into  consideration  a  considerable  drift  to 
the  south. 

Vessels  drawing  17   ft.  of   water  frequently   pass   out,  and  the  re- 
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sources  of  the  country  in  timber  and  other  productions  are  being  de- 
veloped so  fast  that,  besides  the  demand  as  a  harbor  of  refuge,  that 
for  improvement  for  the  benefit  of  commerce  is  coming  on  amain  and 
cannot  be  long  neglected. 

The  ocean  greyhounds  as  used  on  the  Atlantic  are  scarce  intro- 
duced on  the  Pacific,  but  the  tendency  is  at  all  times  to  encourage  fast 
mail  delivery,  and  at  this  harbor  the  rail  meets  the  ocean  and  a  whole 
day  can  be  saved  over  any  other  route.  The  main  reward,  however, 
to  be  obtained  is  a  perfect  harbor  of  refuge,  and  the  saving  of  fine 
vessels  and  valuable  lives. 

Facts  are  stubborn  things  and  are  incontrovertible  in  argument; 
therefore,  to  prove  that  this  is  the  best  location  for  a  harbor  of  refuge 
on  this  coast,  it  is  only  necessary  to  state  the  following,  viz.,  last  Jan- 
uary was  a  very  stormy  month,  so  much  so  that  the  two  lighthouse 
tenders  Manzanita  and  Columbine  were  bar  boiind  for  23  days  in  that 
month  at  Astoria,  inside  the  mouth  of  the  Columbia  Eiver,  with  a  flag 
of  distress  flying  from  the  Tillamook  lighthouse,  and  could  not  get 
out,  and  during  that  time  there  were  only  five  days  that  vessels  did 
not  pass  in  or  out  over  the  Gray's  Harbor  bar,  and  Lieutenant  Crosby 
has  told  me  that  ke  passed  in  during  a  severe  gale  and  did  not  shii) 
one  drop  of  water. 
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CORRESPONDENCE. 


Thomas  W.  Symons,*  M.  Am.  Soc.  C.  E.,  states  that  the  aiithor's 
plan  for  the  improvement  of  the  entrance  to  Gray's  Harbor  is,  as  far 
as  the  construction  goes,  probably  the  boldest  and  most  remarkable 
that  ever  emanated  from  an  engineer. 

To  build  two  jetties  about  3  miles  in  length  right  out  into  the  Pacific 
Ocean,  in  one  of  its  stormiest  portions,  on  and  amid  drifting  sands, 
and  to  construct  these  jetties  of  briish  and  sheet  j)iling  driven  presum- 
ably from  a  tramway  or  platform  built  to  a  level  of  mean  tide  (see 
cross-section)  is  certainly  a  remarkable  proposition.  Such  a  proposed 
construction  is  entirely  inadequate  and  absolutely  impracticable.  It 
would  be  impossible  to  build  it ;  but  if  one  could  conceive  that  it  could 
be  completed,  the  first  storm  would  utterly  wreck  it  in  an  hour. 

He  is  curious  to  know  how  the  author  would  build  his  jetties  from 
his  jilatform  submerged  at  half  tide,  and  which,  even  in  the  quietest 
weather  and  lowest  tide,  w'ould  be  always  swept  by  the  waves  and 
swells  of  the  ocean. 

In  far  less-exposed  situations,  and  with  a  substantial  platform  or 
tramway  20  ft.  above  the  water,  oftentimes  great  difficulty  is  found  in 
constructing  and  sinking  brush  mattresses  to  jilace.  To  attempt  to 
control  the  ocean  waves  and  currents  by  sheet  piling  backed  by  a 
brush  pile  is  certainly  most  chimerical.  The  fact  stated  in  the  paper 
that  the  waves  here  often  break  at  a  dej)th  of  10  fathoms  is  sufficient 
proof  to  one  familiar  with  the  subject  that  something  more  substantial 
than  brush  and  sheet  piling  must  be  used  to  withstand  their  gigantic 
power. 

As  shown  on  the  map  accompanying  this  paper,  the  depth  in  the 
harbor  throat  is  80,  90  and  105  ft.  The  author's  proposed  jetties  con- 
verge at  the  bar  to  a  width  about  equal  to  the  width  between  low- 
water  lines  at  the  harbor  throat.  The  sands  of  the  bar  are  easily 
eroded.  The  channel  between  the  jetties  so  confined  would  be  ap- 
proximately as  deep  as  in  the  harbor  throat.  Under  these  circum- 
stances what  would  naturally  be  expected  to  become  of  the  jetties 
located  as  shown,  or  one  of  them  at  least? 

The  littoral  ocean  current  in  front  of  Gray's  Harbor  moves  to  the 
north  and  not  to  the  south,  as  stated  by  the  author.  This  is  i^roven 
by  the  fact  that  buoys  going  adrift,  wreckage,  etc. ,  are  almost  always 
carried  to  the  north  by  the  northerly  current,  which  is  so  well  recog- 
nized that  it  is  known  as  the  Davidson  inshore  eddy  current,  named 
for  Prof.  Davidson,  the  distinguished  and  able  Chief  of  the  United 
States  Coast  Survey  on  the  Pacific  coast.  This  current  is,  however, 
too  slight  to  have  any  appreciable  effect  on  the  bars  or  sands  along  this 
portion  of  the  coast. 

*  Capt.  Corps  of  Eugrs.,  U.  S.  A. 
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The  great  southerly  Jajianese  gulf  stream,  to  which  the  author 
attributes  the  narrowness  of  the  Gray's  Harbor  bar,  is  felt  only  at  a 
distance  of  about  50  miles  from  shore. 

In  the  inner  harbor  the  construction  of  the  training  and  controlling 
dikes  is  vei-y  simple,  a  double  row  of  piles  aboiit  4  ft.  apai-t,  tilled  in 
with  brush  fascines  weighted  with  stone,  all  tied  together  with  wales 
and  cross  ties,  and  all  underlaid  with  a  brush  mattress. 

The  author  characterizes  this  constructiou  as  unnecessarily  expen- 
sive and  strong.  This  view  is  not  shared  by  many  practical  men  on 
Gray's  Harbor,  who  have  expressed  surjjrise  that  it  has  stood  at  all, 
considering  the  elemental  forces  arrayed  against  it  Some  years  ago  a 
pile  and  sheet  pile  structure,  like  that  advocated  by  the  author,  was 
built  in  a  similar,  but  less  exposed,  situation  in  Tillamook  Bay.  It 
was  built  as  substantially  as  such  a  structure  could  be  built,  but 
during  its  first  winter  it  was  nearly  all  carried  away.  To  the  mind 
of  the  writer  it  is  certain  that  such  would  be  its  fate  at  Gray's 
Harbor. 

The  plan  of  the  work  was  carefully  considered  and  adaj^ted  to  ex- 
isting conditions  and  demands.  The  advantages  of  a  curved  trace  of 
great  radius  over  a  trace  of  straight  lines,  connected  with  slight  devi- 
ation angles,  is  more  theoretical  than  practical.  The  middle  channel 
dike  has  not  yet  been  entirely  comjjleted,  and  its  effect  to  accomplish 
the  purpose  aimed  at  ascertained. 

Notwithstanding  the  author's  adverse  criticism  of  the  effects  of  the 
works,  the  writer  makes  the  assertion  that  as  far  as  completed,  they 
have  been  eminently  successful  and  give  the  liveliest  satisfaction  to 
the  j)eople  and  interests  which  they  are  intended  to  benefit. 

It  necessarily  takes  time  for  such  works  to  perform  theii*  functions 
and  establish  a  new  and  better  order  of  things.  In  the  re-adjustment 
of  affairs,  it  is  inevitable  that  with  the  deepening  of  the  channel  in 
in  some  places,  there  is  shoaling  in  other  places,  which  must  account 
for  the  gi'ounding  of  the  Mc Arthur  mentioned. 

The  author  is,  in  common  with  many  others,  impressed  with  the 
harbor  of  refuge  idea.  In  the  writer's  opinion  the  question  of  harbors 
of  refuge  along  this  coast  is  very  little  understood  ;  their  imi^ortance 
and  value  is  greatly  over-rated,  and  an  immense  deal  of  clap-trap  talk 
is  indulged  in  about  them.  The  existence  of  Tsi-ecks  along  the  coast, 
like  the  Abercom  and  Feriuhtie,  mentioned  in  the  pajier,  are  pointed 
out  to  emjihasize  and  illustrate  the  necessity  of  harbors  of  refuge. 
The  facts  are,  that  these  wrecks  are  almost  invariably  caused  by  the 
vessels  getting  out  of  their  courses  and  reckonings  in  thick  weather, 
mistaking  lights  or  getting  disabled  and  beyond  control,  and  going 
blindly  upon  the  shore.  It  is  almost,  if  not  quite,  imjiossible  to  jjoint 
out  an  instance  of  a  wreck  which  has  occurred  on  this  Northern  Pacific 
coast  in  many  years  which  would  have  been  averted  by  a  harbor  of 
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refuge,  unless  perchance  the  latter  should  have  been  in  the  direct  path 
which  the  vessel  was  blindly  or  helplessly  pursuing. 

Under  the  conditions  iirevailing  along  the  coast,  the  best  course  for 
a  vessel  to  pursue  in  the  event  of  a  storm  or  partial  disablement  is  to 
keep  at  a  safe  distance  from  shore.  With  the  sea  running  high  an 
attempt  to  enter  a  bar  harbor  such  as  Gray's  Harbor  must  ever  be  a 
dangerous  undertaking. 

If  the  entrance  to  Gray's  Harbor  is  ever  improved  by  the  General 
Government,  it  must  be  justified  from  a  commercial  standi)oint  and  not 
from  the  standpoint  of  a  harbor  of  refuge. 

The  opening  statement  of  the  paper  will  cause  surprise  to  those 
familiar  with  the  natural  cajjacities  of  the  entrance  to  San  Diego  Har- 
bor, San  Francisco  Harbor,  and  the  Columbia  River,  as  will  also  his 
statement  further  on,  that  the  entrance  to  Willapah  and  Gray's  harbors 
are  the  best  natural  entrances  north  of  San  Francisco  ;  better  even 
than  the  Columbia  River  entrance.  The  water-shed  of  Gray's  Harbor 
is  about  2  150  square  miles,  not  3  500  square  miles  as  stated. 

Hon.  Geobge  H.  Emerson  writes  that  he  has  no  doiibt  that  the 
system  of  inside  improvement  suggested  in  the  paper,  that  of  train- 
ing both  sides  of  the  channel,  would  prove  absolutely  effective  and 
give  a  channel  of  approximately  the  same  width,  and  api^roximately 
the  same  depth,  as  at  Cosmopolis,  or  about  30  ft. ;  the  expense,  how- 
ever, attached  to  such  improvement  would  be  very  considerable.  It 
seems  to  him  entirely  possible  that  the  i^lan  already  adopted  will  ac- 
complish a  result  adequate  to  all  pui'poses  when  complete,  if  in  the 
coming  season  the  dyke  across  the  middle  channel  be  extended  by 
means  of  sheet  piling  2  000  ft.  east  from  the  north  end,  and  1  000  ft. 
west  from  the  south  end.  Tugboats  now  claim  a  decided  improve-* 
ment  in  the  channel  below  Hoquiam,  and  a  marked  improvement  at 
Cow  Point.  They  have  a  tide  gauge  by  which  to  leave  the  dock  at 
Hoquiam,  and  any  deviation  from  their  figures,  by  way  of  less  water, 
would  subject  them  to  detention  that  would  very  soon  necessitate  the 
correction  of  their  gauge. 

Referring  to  the  outer  bar  he  agrees  with  the  author  in  the  state- 
ment that,  from  the  crest  of  the  bar  to  a  10-fathom  sounding,  the  dis- 
tance is  less  than  at  any  bar  on  the  coast,  and  also  agrees  that  the  clos- 
ing of  the  Chinook  channel  and  the  extension  of  a  jetty  from  Point 
Damon  in  a  southwesterly  direction  would  probably  effectually  deepen 
the  crest  of  the  bar.  Also,  that  when  once  deei^enedit  would  be  a  per- 
manent improvement,  and  not  simply  a  process  of  sending  the  bar  sea- 
ward, as  is  so  often  the  case;  but  he  is  not  of  the  opinion  that  sheet 
piling  would  stand  for  such  jetty,  although  he  would  be  inclined  to  try 
the  experiment,  as  it  might  be  that  sand  would  form  about  the  piling 
before  heavy  storms  and  the  teredo  succeed  in  sweeping  them  out, 
but  thinks  there  is  no  great  difficulty  in  the  construction  of  a  jetty 
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from  Point  Damon,  and  tliat  the  rock  on  the  Hoquiam  River  would  be 
of  siifficient  solidity  to  resist  action  of  the  sea  until  such  time  as  the 
sand  came  to  its  assistance. 

The  writer  says  further,  that  the  survey  that  is  now  being  made  on 
the  bar  is  with  reference  to  its  improvement,  and  that  after  having 
seen  the  figures  resulting  from  this  sxirvey  and  comparing  them  with 
the  surveys  of  previous  date,  he  thinks  that,  pei'haps,  much  more  de- 
finite jilans  may  be  made  as  to  the  course  that  should  be  pursued  to 
properly  train  the  waters  that  pass  in  and  out  of  the  harbor  entrance. 
He  agrees  with  the  author  that  with  i:)roper  improvement  of  the  en- 
trance of  this  bay,  this  will  become  the  most  accessible  harbor  on  the 
coast,  and  will,  perhaps,  solve  the  problem,  so  long  before  the  United 
States,  of  jjroviding  a  first-class  harbor  for  refuge. 

Mr.  C.  F.  White  writes  that  he  has  carefully  read  the  paper  and 
agrees  with  the  author  as  to  the  improvement  of  this  harbor  in  every 
particular. 

He  notes,  especially,  the  reference  as  to  deepening  the  channel  and 
the  system  of  piles  and  sheet  piling,  and  endorses  the  idea  in  every 
particular.  The  absence  of  teredo  in  this  harbor  makes  the  sheet  pil- 
ing practicable  where  it  would  not  be  if  the  conditions  were  the 
same  as  to  the  teredo  here  as  they  are  in  Puget  Sound  and  other  places. 

Hon.  F.  G.  Deckebach  says  that  he  is  heartily  in  sym^^athy  with 
any  plan  that  leads  to  the  improving  of  the  outer  bar;  the  modus  oper- 
andi he  leaves  to  those  skilled  by  education  and  experience  to  deal 
with  such  questions. 

Concerning  .the  necessity  of  such  improvements  as  stated  in  the 
paper,  he  says,  without  hesitancy,  that  it  is  imjjerative,  both  for  the 
safety  of  life  and  property,  as  well  as  the  demands  of  the  increasing 
commerce  of  Gray's  Harbor. 

The  idea  of  making  this  harbor  a  harbor  of  refuge  was  first  forcibly 
imjjressed  on  his  mind  by  the  late  Lieutenant  Crosby,  of  the  United 
States  Navy. 

Before  he  came  to  an  untimely  end  in  the  breakers  north  of  the 
harbor,  he  had  been  engaged  in  the  hydrographic  work  of  the  United 
States  Coast  Survey  between  Gray's  Harbor  and  Cape  Flattery  during 
five  months  and  had  crossed  the  bar  many  times  and  in  many  direc- 
tions, and  he  was  very  enthusiastic  when  talking  of  its  in>i3rovement, 
especially  for  a  harbor  of  refuge;  he  also  considered  that  one  jetty 
would  be  sufficient — that  to  the  south. 

From  this  harbor,  north,  for  a  distance  of  over  100  miles,  the  coast 
is  i^ractically  unbroken.  No  shelter  is  to  be  found  for  any  vessel 
throughout  this  entire  distance. 

Nearly  all  of  the  vessels  wrecked  to  this  north  of  this  harbor  were 
destined  for  the  Columbia  River,  but  from  the  stormy  weather  prevail- 
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ing,  they  preferred  the  danger  of  a  lee  shore  to  the  almost  certain 
destruction  of  crossing  its  bar. 

Grav's  Harbor  bar  is  considered  b_v  ship  captains  the  easiest  one  to 
cross  on  the  coast,  it  being,  as  they  state,  only  i  mile  across,  while  that 
of  the  Columbia  Eiver  is  about  6  miles. 

Congress  has  made  an  appropriation  for  a  first-class  light  to  be  at 
once  erected  on  the  south  jDoint  of  the  entrance. 

With  an  average  depth  of  16  ft.  on  this  bar  there  has  never  been 
but  one  instance  where  an  accident  occurred  in  its  passage,  and  this 
was  caused  by  the  carelessness  of  the  captain. 

After  the  entry  there  is  excellent  anchoring  ground.  At  the  present 
about  300  vessels  pass  in  and  out  in  12  months,  and  with  a  lighthouse 
and  bar  improved,  so  as  to  allow  the  entrance  of  ships  of  any  size,  the 
danger  of  wreck  will  be  very  much  reduced,  if  not  entirely  done  away 
with;  where  they  have  been  frequent  to  the  north  of  the  entrance. 

The  prevailing  current  along  the  coast  is  from  the  north  to  the 
south.  This  the  writer  knows  to  be  a  fact,  from  many  proofs,  which, 
during  a  six  years'  residence,  have  demonstrated  it. 

Common  humanity  demands  that  this  be  made  a  harbor  of  refuge, 
with  sailing  directions,  so  that  a  vessel  can  enter  at  all  times  if  it  be 
within  the  bounds  of  possibility  to  do  so. 

B.  "W.  DECorECT,  M.  Am.  Soc.  C.  E. ,  writes  in  answer  to  Captain  Sy- 
mons"  discussion,  that  early  in  the  nineteenth  century,  one  of  the  most 
eminent  engineers  in  England  made  a  statement  that  it  was  quite  im- 
possible to  build  a  ship  large  enough  to  carry  coal  sufficient  for 
steaming  across  the  Atlantic  Ocean.  Afterwards  Lord  Stanley  in  the 
House  of  Commons  declared  he  would  agree  to  eat  np  the  first  steam 
vessel  to  make  the  passage.  The  truth  of  the  last  incident,  however, 
he  does  not  vouch  for. 

The  assertion  of  the  engineer,  however,  and  the  commencement  of 
reguJar  steam  navigation  with  the  Sh-ius,  Great  Western,  Liverpool,  and 
other  steamships  warned  engineers  to  be  guarded  in  their  statements, 
and  the  word  "impossible  "  has  been  eliminated  from  their  vocabulary. 

The  author's  suggestion  of  the  sheet  piling  does  not  enter  into  de- 
tails, but,  in  referring  to  the  bar  while  talking  of  the  inner  improve- 
ment, he  uses  the  words  "  properly  modified." 

If  the  improvement  be  necessary  and  it  be  impossible  to  obtain  rock 
that  will  answer,  the  author  does  not  think  the  profession  of  the 
present  day  will  give  up  and  say  that  no  other  plan  but  the  old  will 
suffice.  In  the  inner  improvement,  he  is  confident  that  in  the  training 
of  the  river  channel  the  plan  of  work  suggested  could  be  build  suf- 
ficiently strong  to  answer  all  purposes,  and  such  a  plan  would  cost 
much  less  than  the  plan  as  built. 

The  author  has  had  a  residence  of  three  years  on  this  harbor,  and 
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has  been  ■watching  it  carefnllx,  and  csm  show  single  piles  that  have 
stood  for  vears  and  are  now  standing  in  the  most  exposed  positions  on 
the  harbor,  and  right  where  the  sea  has  the  greatest  fetcli.  being  tlsed 
for  gnide  piles  to  the  channels. 

He  is  satisfied  that  if  Captain  Symons  could  spend  a  month  or  two 
on  the  harbor,  he  would  agree  with  the  author  in  some  particulars- 

The  severest  storm  occurring  here  is  the  southwest;  this  would  aid 
in  the  accumulation  of  sand  in  the  rear  of  the  south  jettx,  which 
single  work  may  be  as  Lt.  Crosby  considered  all  that  is  necessary. 

In  regard  to  the  ocean  ctirrents. 

Firs*. — The  position  of  the  "line  of  deepest  water"  <so  called  on 
the  original  TTnited  States  Coast  and  Geodetic  Survey  chart*,  the 
Chinook  channel  forming  an  angle  to  the  southwest  after  it  gets  out- 
side the  harbor  entrance,  being  the  resultant  of  the  two  forces,  the 
current  from  the  north  and  the  ebb  tide  and 'discharge  of  the  nvers 
both  combined. 

Seoond. — The  British  ship  Femdafe,  loaded  with  coal,  was  cast 
ashore  about  10  miles  north  of  the  harbor  entrance.  Her  eaigo  did  not 
scatter  to  the  north,  but  to  the  south,  and  was  fotmd  allthe  way  adong 
the  beach,  nearly  to  Xorth  Cove. 

A  number  of  others,  as  well  as  the  author,  have  seoi  a  dead  whale 
drift  away  to  the  south  and  finally  strand  near  the  entrance  to 
Willapah  Harbor,  the  day  being  perfectly  calm,  and  any  wind  there 
was  blowing  from  the  south.  Boats  also  getting  adrift  are  invariably 
found  to  the  south  of  the  harbor  mouth. 

Tliird. — The  lamented  Lieut.  Crosby  told  the  author  and  others  that 
he  found  the  current  to  come  from  the  north,  and  that  he  always  had 
to  make  allowance  for  this  in  entering  the  harbor. 

The  author  has  seen  two  buoys  come  ashore  that  floated  in  from  the 
north  and  one  of  them  is  to  be  found  at  presoit  near  the  cottage  of 
Col.  F.  D.  Huestis  on  Chenamis  Beach  3  miles  sonth  of  the  point. 

The  proix>>ition  of  a  harbor  of  refuge  does  not  emanate  from  the 
author,  but  from  those  men  themselves  who  "go  down  to  the  sea  in 
ships. '" 

The  late  Lieut.  Crosby  suggested  this  place  as  being  the  best  he 
had  seen  along  the  coast  for  such  a  purpose,  and,  from  his  standpoint. 
much  needed. 

At  a  meeting  at  the  city  of  Aberdeen  conceming  the  improvement 
of  the  harbor  and  bar.  when  the  subject  of  a  harbor  of  zefnge  was 
mentioned.  Captain  Mitchell,  an  old  master,  was  reported  in  the 
papers  as  follows  : 

•  •  That  he  had  crossed  nearly  all  of  the  bars  on  the  Atlantic  and  Paoi- 
lic  coasts,  and  with  the  exeepiic>n  of  San  Francisco.  Gray's  Harbor  was 
the  safest  of  all.  At  Humboldt  and  Coos  bays,  where  the  Government 
had  spent  hundreds  of  thousands  of  dollars,  he  had  been  bar-bonnd 
24  davs.  while  at  Gray's  Harbor  he  had  never  been  detained  over  five 
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days,  and  then  only  when  no  vessel  could  have  crossed  any  bar.  This 
bar  never  shifted  much,  and  he  had  always  found  from  18  to  30  ft.  of 
water,  and  that  it  was  in,  his  oi^inion,  the  best  and  easiest  to  improve 
he  ever  i^assed  over,  and,  if  improved  as  a  harbor  of  refuge,  would 
without  doubt  be  the  means  of  saving  many  valuable  lives." 

Lastly, — One  of  the  survivors  from  the  Ferndale  stated  that  ac- 
cording to  their  departure,  course  and  reckoning  they  ought  to  have 
had  plenty  of  sea  room,  but  they  found  themselves  in  the  breakers 
before  they  were  aware  of  being  near  them. 

The  current  not  being  taken  into  account,  they  drifted  into  the 
breakers. 

Sometimes  it  is  impossible  to  keep  off  a  lee  shore  and  take  that  sea 
room  spoken  of  by  Captain  Symons  ;  a  lee  shore  and  a  storm  with  a 
current  setting  along  the  shore  are  hard  conditions  for  a  sailing  vessel 
and  make  a  harbor  of  refuge  desirable. 

The  uncontrovertable  proof  of  the  last  paragraph  of  the  paper  re- 
ferring to  last  stormy  January  shows  the  capabilities  of  the  harbor. 
As  to  the  water-shed  of  the  Chehalis  Eiver,  it  is  impossible  to  get  a 
correct  or  rather  exact  measurement ;  the  entire  county,  except  a  small 
amount  drained  by  the  North  River  and  a  narrow  strip  on  the  ocean, 
is  in  this  water-shed,  the  area  being  2  298  square  miles,  nearly  the  en- 
tire Lewis  County.  A  part  of  Mason,  a  large  area  in  Thurston  and 
l^art  of  Pacific,  are  also  components. 

The  author  made  a  careful  examination  of  the  drainage,  and  is  sure 
he  is  coi'rect  in  stating  that  it  has  an  area  of  very  nearly  3  500  square 
miles. 

With  regard  to  alignment,  a  famous  English  engineer  says  :  "  All 
works,"  referring  to  training,  "  ought  to  be  disposed  parallel,  or  ac- 
cording to  the  direction  of  the  stream,  so  that  the  water,  instead  of 
being  stopped  or  thrown  off,  shall  glide  gently  by,  with  the  least  in- 
terruption possible."  *  *  *  "  On  this  account,  all  angles  and  sud- 
den turns  should  be  avoided  and  when  a  turn  must  be  made,  let  it 
have  as  easy  a  sweep  as  possible,"  etc. 

One  thing  is  certain,  that  the  facts  are  that  the  ebb  tide  rushes 
through  the  opening  left  for  the  south  channel  with  such  force  that  at 
times  it  is  impossible  or  dangerous  to  attempt  to  row  against  it,  and  at 
this  time  it  draws  from  some  distance. toward  Hoquiam  along  the  face 
of  the  jetty,  and  at  others  the  deflection  of  the  water  from  the  face 
can  be  seen  causing  a  peculiar  riffle  where  it  strikes  the  water  of  the 
Hoquiam  River  at  its  mouth. 

The  author's  idea  was  to  suggest  a  general  plan,  without  determin- 
ing details,  for  a  successful  improvement  of  the  harbor. 

It  will  be  seen  in  his  discussion  that  Captain  C.  F.  "White,  the 
manager  of  the  largest  establishment  on  the  harbor  and  a  jjractical 
man,  agrees  with  him. 
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PLATEN  PRESSES  FOR  LETTER-PRESS  PRINTING, 
EMBOSSING,  CUTTING  AND  SCORING. 


By  John  Thomson,  M.  Am.  Soc.  C.  E. 


PROLOGUE. 


Letter-press  printing,  the  world  over,  is  known  as  "The  art  pre- 
servative of  arts";  and  the  compositors,  the  publishers,  the  editors 
and  the  press-makers  may  properly  be  proud  of  this  far-famed  legend, 
for  each  can  safely  entertain  the  belief  that  he  forms  an  imj^ortant 
integral  part  of  the  greater  whole.  Indeed,  it  is  within  the  truth  to 
say  that  the  "  art  preservative  "  is  to  all  modern  arts  a  foster-mother; 
for  it  can  neither  rise  nor  fall,  progress  nor  recede,  without  communi- 
cating or  receiving  similar  action  to  or  from  the  arts  upon  which  it  is 
builded.  And  it  is.  expected  that  a  somewhat  similar  analogy  will  be 
herein  shown  to  exist  in  engineering. 

There  has  been  considerable  hesitancy  as  to  the  propriety  of 
presenting  this  pai?er,  relating  as  it  does  to  a  special  art  and  being 
entirely  mechanical.  And  yet,  notwithstanding  that  it  may  possibly  be 
looked  upon  as  an  innovation  upon  established  usage,  there  is  no  little 
satisfaction  in  the   thoiight  that  the  craftsmanship  which  gave  life  to 
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engineering  is  not  only  itself  a  preservative  of  arts  but  that  it  is  in 
fact,  as  in  legend,  the  originator  thereof;  for  Solomon's  guest  of  honor 
at  the  opening  of  his  temple,  and  without  whom  to-day  all  arts  would 
decay  and  crumble,  was  a  master  of  the  hammer,  the  file  and  the 
forge. 

But,  most  seriously,  the  object  the  accomplishment  of  which  is  de- 
sired above  all  others,  as  a  result  of  this  presentation,  is  that  this  quite 
modest  attack  upon  what  has  been  termed  our  "  unseen  barrier  "  may 
induce  similar  action  upon  the  part  of  others,  thereby  increasing  the 
scope  and  usefulness  of  our  Society  and  making  its  Transactions  not 
only  "  preservative  of  arts,"  past,  but  as  an  advance  publisher  of  the 
engineering  progress  of  America. 

Scope  of  the  Paper. 

The  writer's  connection  and  exijerience  with  the  "  art  preservative  " 
has  been  confined  to  one  of  the  branches  of  the  mechanical  limb,  that 
is,  to  the  design  of  platen  presses  employed  for  general  jobbing,  fine 
catalogue  and  color  printing,  label  and  cutwork,  book-cover  inlaying, 
embossing,  and  the  cutting  and  scoring  of  blanks  for  the  manufacture 
of  folding  paper  boxes. 

It  may  be  proper  to  state  that  nearly  all  of  the  important  devices 
in  the  presses  to  be  described  are  the  subject  of  patent  monopoly;  but 
there  is  no  patent,  nor  is  there  a  protective  tariff,  upon  the  experiences 
which  have  been  acquired,  or  the  mistakes  made,  in  reaching  success- 
ftil  results.  It  is  hoped,  therefore,  that  discussion  may  be  freely 
offered  to  bring  out  any  feature  which  may  be  of  interest  or  value  to  any 
one.  Only  a  portion  of  the  drawings,  diagrams  or  illustrations  here 
presented  have  before  been  j^ublicly  used,  and  these  only  in  trade  cata- 
logues and  a  few  journals  entirely  devoted  to  the  interests  of  jDrinters. 
Moreover,  it  is  not  intended  to  go  much,  if  any,  beyond  the  narration 
of  the  personal  knowledge  of  the  writer.  To  do  more  than  this 
would  make  a  book  and  involve  a  history  of  the  art,  for  which  he  has 
neither  time  nor  inclination. 

A  Few  PRELrvnNAKY  Observations. — Principles  iNVOiiVED. 

In  the  United  States  and  Canada  there  are  about  25  000  jDrinting 
establishments.  Assume  that  the  average  expenditure  of  these  for 
machinery   each  year  is   but   8600,    and   we  have   the  snug  sum  of 
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815  000  000  as  the  yearly  expenditure  for  machinery  alone,  from  which 
it  may  be  inferred  that  the  mechanical  department  of  the  piinting 
industry  is  one  of  importance. 

The  duty  required  of  printing  presses  is  most  varied  and  exacting. 
Probably  in  no  other  class  of  service  is  the  performance  demanded  of 
machinery  anything  like  so  severe  as  in  letter-press  piinting  and  paper 
embossing,  a  condition  due  to  the  inherent  principles  of  operation,  the 
frequent  urgency  of  output  and  occasionally  to  unskilful  attention. 

Simple  contact  between  types  and  paper  will  not  print.  Piinting 
requires  pressure,  hard  pressure,  very  hard  pressure,  and  that,  too, 
with  extreme  accui'acy  of  movement  under  great  strain. 

Rigidity  of  structure  is  an  essential  in  all  printing  machinery,  but 
especially  is  this  so  in  platen  presses.  In  cylinder  printing  presses 
the  actual  surface  in  contact  at  any  one  instant  is  but  a  line  the  length 
of  the  cylinder;  but  in  a  platen  machine  the  line  becomes  a  plane  sur- 
face equal  in  area,  say,  to  1  000  sq.  ins.  It  is  no  contradiction  in 
terms  to  say  that  a  press  may  be  strong  ancl  yet  not  rigid.  A  hard, 
unyielding,  solid  impression  is  regarded  of  importance  second  only  to 
accuracy  of  oj^eration. 

There  are  some  printers  who  yet  believe,  as  did  the  earlier  members 
of  the  craft  generally,  that  long  duration  or  "  dwell  "  of  the  platen 
upon  the  types  is  advantageous;  but  this  now  is  not  usually  accejited 
as  a  fact  in  practice,  nor  do  we  find  for  it  a  theoretical  basis,  to  which 
a  single  illustration  will  suffice.  Thus,  in  a  platen  press  ojierating  at, 
say,  1  200  impressions  an  hour,  the  actual  hard  impressional  contact 
over  the  entire  surface  of  the  form  will  probably  not  ''  dwell  "  to  ex- 
ceed .08  or  .10  second.  In  a  cylinder  press,  however,  working  at  the 
same  speed,  the  actual  contact  instant,  assuming  the  breadth  of  lines 
equal,  say,  to  .02  in.,  would  not  exceed  .002  second,  or  a  period  of 
time  in  the  platen  press  of  from  40  to  50  times  greater  duration  than 
in  the  cylinder;  and  yet  two  such  printed  sheets  might  not  be  dis- 
tinguishable one  from  the  other.  Consequently,  it  may  be  accepted  as 
a  fact  that  printing  ink  is  in  nowise  absorbed  by  the  paper,  but  is 
forcibly  driven  into  its  fiber. 

In  a  cylinder  press,  if  the  face  of  the  form  exactly  coincides  with 
the  pitch  line  of  the  rack  of  the  bed;  if  the  face  of  the  sheet  to  be 
printed  on  the  cylinder  exactly  coincides  with  the  pitch  line  of  the 
cylinder  gear;  if  the  tympan  is  practically  inelastic,  and  if  the  design 
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and  workmanship  of  the  interacting  parts  are  practically  perfect,  then 
the  printed  sheet  may  be  of  the  first  order.  But  such  an  aggregation 
of  conditions  are  not  at  all  times  obtainable,  as  attested  by  the  fact 
that  types  and  engravings  are  more  rajiidly  worn  down  under  cylindi'i- 
cal  action  than  under  platen  contact.  Theoretically  perfect  rolling 
contact,  as  between  a  type-bed  and  a  cylinder,  is  demonstrably  unat- 
tainable; at  the  same  time,  the  degree  of  perfection  reached  by  cylinder 
press  makers  is  remarkable.  But  this  illustration  is  for  the  purpose 
of  comparison  only,  as  the  field  covered  by  cylinder  presses  is  quite 
distinct  from  that  of  platen  machines,  and  the  use  of  the  two  are  in 
many  cases  not  interchangeable. 

In  a  platen  machine,  if  the  surfaces  of  both  the  bed  and  the  platen 
are  practically  plane  surfaces  and  parallel  to  each  other;  if,  with  re- 
spect to  the  work  to  be  performed,  they  are  practically  rigid;  if  the 
movement  of  one  to  the  other  is  direct,  square  and  accurate,  and  if 
there  is  adequate  impressional  power,  then  the  printed  sheet  may  be 
of  the  first  order;  the  abrasive  action  uj^on  the  jirinting  surface  will 
be  of  the  slightest  jjossible  amount,  and  the  durability  of  the  form  will 
reach  its  maximum. 

To  produce  a  faultlessly  i3rinted  sheet,  at  least  the  following  ele- 
ments must  be  aggregated:  press,  ink,  j^aper,  form  and  make-ready; 
and  if  each  and  all  of  these  elements  are  of  the  first  order,  then  the  re- 
sult will  be  the  best  obtainable  in  the  least  time.  Should  any  one  of 
these  elements  be  defective,  however,  the  result  will  either  be  reduced 
quality  of  product  in  the  same  time,  or  a  high  grade  of  product,  but  in 
longer  time.  It  is  almost,  if  not  precisely,  like  the  ever-occurring 
problem  of  jjower  and  motion:  to  obtain  one  you  must  give  the  other. 

In  fine  letter-press  printing,  the  proper  delivery  of  the  ink  to  the 
face  of  the  form  is  indispensable  to  good  work.  Generally  speaking, 
printers  call  or  refer  to  this  as  "  distribution  of  the  ink. "  This  means  the 
gi'inding,  rolling  or  rubbing  down  of  an  exceedingly  dense,  pasty  mass 
into  a  uniformly  thin  film,  and  then,  with  the  utmost  delicacy  in  some 
cases,  to  transfer  such  a  film  to  the  faces  of  the  types.  So,  too,  an  im- 
portant element  in  connection  with  the  distribution  is  the  "  ink 
fountain,"  emjjloyed  to  feed  automatically  the  ink  from  a  reservoir  to 
the  rollers. 

In  printer's  parlance,  to  prepare  a  press  for  piiuting  is  to  "  make 
ready,'' and  this  is  ordinarily  the  duty  of  that  most  important  func- 
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tionary  knoT^^n  as  a  "pressman."  It  is,  in  itself,  a  distinct  art;  a 
something  which  cannot  be  acquired  except  by  actual  painstaking 
trial.  The  delicacy  of  touch,  the  close  judgment  and  the  artistic 
sense  displayed  by  pressmen  of  the  first  order  entitle  them  to  take  high 
artistic  rank.  "  Making  ready  "  may  be  likened  to  the  art  of  straight- 
ening rifle  barrels  or  saw  plates.  Thus,  there  are  those  who  can  strike 
just  the  right  blow  to  bring  out  the  kink  and  no  more,  who  yet  may 
not  be  able  to  tell  the  reason  why  the  desired  result  was  obtained.  On 
the  other  hand,  they  who  may  divinely  elaborate  the  theory  of  the 
proper  character  of  blow  to  be  delivered,  and  may  select  the  proper 
spot  to  hit,  might  add  another  kink  at  every  clip  if  the  hammer  were 
plied  by  their  hands. 

In  color  printing,  where  a  number  of  separate  impressions  are  made 
upon  a  single  sheet,  the  matter  of  '•  register"  is  of  supreme  import- 
ance. The  full  meaning  of  the  term  "  register  "  as  referred  to  a  press, 
is  that  the  action  of  the  platen  shall  be  so  nearly  perfect  as  not  to  pro- 
duce a  shifting  movement  upon  the  sheet.  This  is  not  to  be  confounded 
with  a  "slur,"  which  may  be  otherwise  caused,  as  by  a  loose  or 
"baggy"  tympan,  or  imperfectly  adju-sted  frisket  fingers. 

In  crank-action  pres.ses,  the  connecting  rods  and  parts  attached 
thereto  are  restraining  members  up  to  the  dead  center,  but  become 
active,  driving  or  transmitting  members  after  the  center  is  passed- 
That  is  to  say,  the  parts  primarily  in  ten.sion  or  compression  act  like 
springs  to  drive  the  gears,  after  having  passed  over  the  crank -center. 
Hence,  if  there  is  any  lost  motion,  it  will  be  taken  up  with  great  ra- 
pidity; consequently,  back- geared  crank  presses  require  close  fitting, 
else  there  will  be  a  sharp  hammer-like  shock  as  the  crank  pins  pass 
over  the  nip.  In  fact,  by  such  shocks,  cast-iron  gears  are  frequently 
broken  when  the  cause  is  otherwise  assigned. 

The  somewhat  remarkable  circumstance  has  repeatedly  been  ob- 
served, that  presses  used  under  heavy  strain  will  stand  satisfactorily 
at  rapid  rates  of  operation  when  they  will  fail  if  operated  at  a  lower 
rate  of  speed;  and  this,  notAvithstanding  that  all  the  conditions  in  each 
case  are  precisely  alike,  except,  only,  as  stated,  the  change  of  speed. 
We  have  no  good  theory  to  ofifer  in  explanation  of  this  fact,  but  it  is  a 
fact  beyond  all  cavil. 

So,  also,  a  form  of  large  area,  requiring  an  exceptionably  heavy  im- 
pression, may  not  cause  the  immediate  failure  of  the  machine,  which  is 
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much  more  likely  to  occur  under  a  lighter  impression  immediately  fol- 
lowing the  heavier;  pro\'ided,  however,  that  the  lighter  impression  shall 
be  upon  a  form  of  materially  less  area  than  the  first.  Probably  the 
good  reason  for  this  is  to  be  found  in  the  change  of  the  distribution  of 
strains. 

In  presses  for  cutting  and  scoring  jjajDer  box  blanks,  it  has  been 
found  that  if  the  knives  are  permitted  to  take  the  impression  without 
feeding  the  sheets,  making  a  direct  impingement  upon  the  cutting 
plate,  the  sharp  edges  are  much  sooner  turned  than  when,  as  in  regu- 
lar use,  they  are  first  driven  through  the  sheet,  and  thence  are  arrested 
by  the  face  of  the  steel  plate.  Whether  this  is  simply  due  to  the 
greater  pressure  imposed  upon  the  edges,  when  the  obstruction  due  to 
the  sheet  is  missing,  or  that  the  edges  of  the  knives  are  ciishioned  by 
j)articles  of  fiber  carried  forward  under  the  edges  of  the  knives,  is  not 
definitely  settled.  But  as  to  the  definite  practical  fact  there  is  no 
question,  even  although  it  waits  upon  a  laggard  theory. 

To  emboss  a  sheet  of  paper  generally  requires,  it  is  believed,  more 
pressure  upon  each  unit  of  surface  than  would  a  sheet  of  metal  of  cor- 
responding thickness;  the  reason  being  that  metal,  if  simply  indented, 
would  retain  the  form,  while  the  fiber  of  paper,  being  resilient,  must 
be  crushed,  deformed,  "set,"  before  it  will  take  and  retain,  sharply, 
the  impress  of  the  die.  In  some  instances,  too,  no  amount  of  mere 
pressure  will  alone  suffice;  heat  must  be  added  to  pressure,  to  co-act 
therewith,  and  especially  is  this  so  in  fibers  charged  Tvdth  "sizing," 
such  as  are  used  on  book-covers. 

An  embossing  press,  running  at  high  speed,  strained  up  to  all  the 
fly  wheel  will  carry  over,  might  well  be  held  liable  to  indictment  for 
inflicting  cruelty  upon  iron  and  steel;  the  duty,  to  say  the  least  of  it, 
is  exceedingly  severe,  much  more  so  than  is  iisually  apjirehended. 

For  some  years  the  belief  has  been  entertained  that  one  reason  why 
embossing  seems  to  require,  at  times,  a  degree  of  pressure  apparently 
quite  out  of  proportion  to  the  result  obtained,  is  due  to  the  confine- 
ment of  air  in  the  cavities  of  the  die;  such  cells  being  formed  by  the 
paper  as  it  is  driven  "  home,"  hence,  the  resilient  air  acts  as  a  cushion 
and  prevents  an  absolutely  hard  contact  between  the  paper  and  the 
metal.  So  far,  no  adequate  remedy  has  been  found  for  this  difficulty. 
The  expedient  occasionally  emi3loyed  in  drop-forging  dies,  that  is, 
minute  perforations,  is  not  usually  applicable  in  this  case. 
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Development  of  the  Present  Machine. 

In  tlie  briefest  outline  reference  will  first  be  made  to  the  press  vfiih. 
whicli  the  writer  was  fii'st  connected.  This  was  known  to  the  trade  as 
the  "  Universal, "for  over  15  years  built  by  the  Colt's  Patent  Fire  Arms 
Manufacturing  Company,  of  Hartford,  Conn.  The  manufacture  of 
this  press  was  first  undertaken,  however,  by  the  firm  of  Messrs.  Ham- 
ilton and  McNeal,  at  Rochester,  N.  Y.,  under  patents  taken  by  the 
(then)  Rev.  Merritt  Gaily.  The  press  in  several  respects  was  novel  but 
was  unskilfully  carried  out  from  an  engineering  standpoint,  and,  as  a 
consequence,  the  enterprise  resulted  in  financial  disaster,  completely 
wiping  out  the  considerable  fortunes  of  the  manufacturers. 

The  Colt's  Company,  together  with  Messrs.  E.  V.  Haughwout  & 
Company  and  Robert  Coddington,  Esq.,  of  New  York,  and  sub- 
sequently the  writer,  eventually  became  interested  in  the  press,  cor- 
rected a  number  of  its  radical  imperfections,  and  turned  out  a  satisfac- 
tory machine,  of  which  about  2  500  in  all  were  made  and  sold.  About 
seven  years  ago,  however,  its  manufacture  was  voluntarily  abandoned 
by  the  Colt's  Company,  and  the  ^Titer's  present  machine,  known  to  the 
trade  as  "  The  Colt's  Armory  Press,"  superseded  it.  And  these  ma- 
chines have  ever  since  carried  on  their  side  frames,  with  distinction,  it 
is  believed,  the  company's  famous  fire-arms  trade-mark — the  figure  of 
a  Colt,  rampant. 

Platen  Pkintxng  Pkesses. 

The  character  of  platen  motion  employed  in  all  platen  printing 
presses  may  be  broadly  included  in  two  systems — those  which  rock  or 
roll  on  a  plane  and  those  which  vibrate  or  swing  on  a  fixed  axis.  The 
late  George  P.  Gordon,  a  well-known  and  successful  platen  press 
maker,  was  the  probable  originator,  broadly,  of  the  rocking  platen 
movement  in  its  application  to  printing  presses.  It  is  shown  in  an 
American  jjatent  issued  to  him  in  1861. 

The  advantage  peculiar  to  the  rocking  platen  motion  is,  firstly,  that 
the  lower  edge  of  the  platen,  /,  Fig.  1,  is  carried  outward  and  upward 
at  the  same  time  that  the  upper  edge,  s,  is  carried  outward,  and  vice 
ver»a ;  whereby  a  very  wide  opening  is  obtained  from  a  short  crank 
radius  ;  and,  secondly,  in  the  ability  to  change  the  rocking  motion  to 
a  direct  sliding  movement.  The  consequence  of  this  is,  that  a  direct 
mpact  is  made  upon  the  face  of  the  form.     In  all  vibrating  lever  or 
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link  motions,  the  contact  upon  the  form  is  angular,  therefore  tending 
to  crowd  the  type  off  their  feet,  or  to  spring  the  platen  or  the  bed,  or 
both.  But  rolling  platen  actions,  however,  have  been  found  exceed- 
ingly difficult  affairs  to  manage  properly. 

Edward  S.  Eenwick,  Esq.,  C.  E.,  M.  Am.  Soc.  M.  E.,  the  eminent 
mechanical  expert,  in  his  recently  published  book,  "Patentable  Inven- 
tion," brings  out  with  great  force  and  clearness  how  the  value  of  an 
invention,  or  the  importance  to  be  derived  from  the  pointing  out  of  a 
defect,  may  be  misjudged  "  after  it  has  been  made  ";  and  that  an  opinion 
"formed  after  the  event"  may  be  quite  a  different  thing  from  that 
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formulated  before  it,  the  thing  accomplished,  grew  to  be  "obvious." 
Now,  the  fundamental  defect  in  the  earlier  controlling  devices  un- 
doubtedly came  from  a  misconception  of  what  was  taking  jilace  in  the 
device  when  in  motion,  and  a  fair  possibility  of  its  correction  Avould 
have  been  opened  by  this  simple  criticism:  eA^ery  point  in  a  mass 
rolling  upon  a  plane  surface  travels  in  some  form  of  a  cycloidal  arc  and 
may  be  entirely  opposed  to  the  action  of  a  device  moving  in  the  arc  of 
a  circle.  But  this  criticism  was  not  made — fortunately  so,  the  writer  is 
is  selfish  enough  to  say — for  the  omission  thereof  is  probably  the  cause 
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of  his  presence  on  this  occasion.  And  thus  it  is  that  "  the  realm  of  an 
idea  may  often  be  defined  by  geometrical  lines."* 

In  the  early  design  of  the  "Universal  "  the  platen  -n-as  controlled  by 
a  single  helical  spring  contained  ^-ithin  a  barrel  and  %-ibrating  there- 
with. The  assumption  was  that  the  rockers  of  the  platen  made  rolling 
contact  upon  the  seats  ;  bvit  the  fact  was  that  the  rockers  were  not  only 
forced  to  slip  and  roll  differentially,  but  the  slip,  at  times,  was  in  a 
direction  opposed  to  the  natural  movement.  Then  as  the  sjning,  swing- 
ing with  the  platen,  was  required  to  withstand  the  stress  directly,  its 
failure  was  frequent  ;  and  when  it  failed  the  entire  machine  was  liable 
to  be  smashed,  as  it  frequently  was.  The  spring  control  shown  in  Fig. 
1  proved  as  satisfactory  in  practice  as  could  be  expected  from  any 
spring  device.  The  arrangement  of  the  si^rings  and  slide  rods  to 
remain  stationary  was  due  to  the  late  C.  A.  Davis,  of  the  Colt's  Com- 
pany, but  the  plottings  and  disposal  of  the  link  centers  were  first  made 
as  here  shown  by  the  writer  ;  the  object  being  to  so  situate  the  swing- 
ing center,  d,  that  the  arc  of  the  circle,  E,  described  thereby,  should, 
as  nearly  as  possible,  coincide  with  the  cycloidal  arc,  F,  which  the 
said  center,  d,  would  develop  if  the  rockers  were  free  to  roll  upon  the 
seats.  In  the  direct  slide  to  the  impression  the  springs  were  com- 
pressed, the  lugs  acting  to  ensure  a  parallel  movement.  A  strong 
objection  to  this  method  of  control  was  its  noisy  operation,  due  to  the 
practically  instantaneous  conversion  of  the  rocking  movement  to  the 
direct  or  tangential  action.  In  this  figure  the  center  line,  ..4,  repre- 
sents the  main  connecting  rod,  and  B  the  center  of  the  crank  pin  as  the 
platen  makes  its  initial  contact  upon  the  form.  This  indicates  the 
fundamental  defect  of  all  simple  crank  or  toggle  presses  ;  that  is,  the 
applied  strain  is  never  at  precisely  a  right  angle  to  the  face  of  the 
platen  until  the  crank,  B,  reaches  the  dead-center  Z.  Obviously,  the 
tendency  of  this  is  to  tilt  the  platen  so  that  its  face  shall  be  normal  to 
the  strain.  This  tendency  is  restrained  by  the  lugs  of  the  bridge  ear 
which  engage  upon  the  rocket  seat.  It  will  be  apparent  that  the 
greater  the  distance  of  the  lugs  from  the  face  of  the  platen,  the  more 
complete  will  be  the  control.  In  this  design  they  were  too  close, 
relatively,  to  the  platen,  develoi3ing  a  tendency  to  cramp. 

In  Fig.  2  is  shown  an  attemjjt  once  made  to  control  a  rocking  mo- 
tion by  means  of  a  link,  one  end  secured  to  the  platen  and  the  other 
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to  the  frame,  so  that  the  platen  was  to  slide  in  a  tangent  when  the 
upper  end  of  the  link  was  swinging  in  the  arc  of  a  circle.  There 
seemed  to  be  the  same  abhorrence  here  between  the  two  geometrical 
conditions  as  that  alleged  to  exist  between  Nature  and  a  vacuum.  At 
any  rate  it  proved  impracticable,  notwithstanding  it  was  originally 
said  of  it  that  while  it  might  not 
coincide  with  fine  drawn  theories  it 
was  "good enough,  practically,  for 
printers."  It  has  recently  been 
rearranged,  with  springs.  This 
device  has  been  shown  to  point 
the  moral,  as  the  eminent  mech- 
anician. Professor  Reuleaux,  has 
intimated,  that  the  "  bravado  "  in 
machine  construction  knows  no 
limitation,  and  that  there  is  abso- 
lutely no  excuse  for  the  modifica- 
tion of  a  device  already  well  estab- 
lished, free  for  use  and  fairly 
acceptable,  unless  the  change  car- 
ries with  it  a  definite  improve-  I  Fiti-  2 
ment;  whereas,  if  the  change  is  retrograde  it  becomes  an  engineering 
crime,  in  that  all  are  thereby  caused  to  suffer. 

At  G,  Fig.  2,  there  is  indicated  the  vibrating  principle  of  platen 
movement,  in  resjiect  of  which  no  time  will  be  consumed,  except  to 
assert  that  it  is  obviously  fundamentally  imperfect,  in  that  the  impres- 
sional  contact  is  angular,  or  as  if  imparted  by  a  pair  of  scissors.  It 
is  sometimes  facetiously  referred  to  in  the  trade  as  the  "  clam  shell  " 
movement.  This  principle,  however,  has  been  widely  adopted  in  a 
great  variety  of  modifications;  and  here"  an  imijortant  lesson  may  be 
learned,  namely,  that  a  theoretically  defective  device  may  long  con- 
tinue in  use,  and  that,  too,  with  fairly  satisfactory  results,  provided, 
as  is  the  fact  in  the  instance  at  hand,  that  the  relative  degree  of  the 
error  is  small. 

Fig.  3  is  a  reproduction  of  the  drawing  appearing  in  a  patent  for  a 
mechanical  movement  granted  to  the  writer  in  1885,  which  had  for  its 
object  to  show  in  the  broadest  manner  a  new  method  of  controlling 
the  action  of  a  curved  body  3,  rolling  upon  a  plane  2,  or  the  arc  of  a 
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curve  rolling  ■apon  another  arc.  This  is  obtained  by  cams  9,  10,  at- 
tached to  the  curved  body  and  moving  therewith,  while  the  cam 
rollers  6,  7  are  moimted  upon  the  side  1  of  the  plane. 

As  this  movement  appeared  to  be  entirely  novel,  no  references  of 
any  kind  ever  having  been  found  against  it,  and  has  had  considerable 
commendation,  at  least  from  geometers,  it  is  thought  that  the  follow- 
ing quotation  from  the  patent  specification,  originally  drawn  by  the 
writer,  may  be  of  interest : 

"  It  will  now  be  apparent  that  if  the  arc  be  rolled  back  or  forth 
upon,  the  plane  the  character  of  the  action,  that  is,  whether  rolling  on  the 
plane  or  a  combination  of  rolling  and  sliding,  will  be  governed  entirely 
by  the  shape  of  the  cams;  but  as  the  end  here  sought  is  to  maintain  a 


perfect  rolling  action,  the  mathematical  condition  necessary  to  effect 
this  is,  that  only  one  point  in  the  curvilinear  planes  11  of  the  cams 
shall  coincide  with  but  a  single  point  on  the  surfaces  of  the  arc 
and  the  plane  on  which  the  arc  rolls,  that  is,  by  demonstration,  the 
points  in  the  j)lanes  at  12,  13,  bisecting,  if  it  may  be  so  expressed,  the 
center  of  the  rolls  can  only  be  at  that  position  when  the  jioint  14  of  the 
arc  is  in  the  vertical  line  of  the  plane.  With  the  points  16,  17,  or 
18,  19,  bisecting  the  centers  of  the  rolls,  we  should  then  find  the  points 
20,  21  of  the  arc  in  the  vertical  line,  and  so  on.  As  there  is  but  one 
system  or  class  of  curves  known  which  meets  this  condition,  the  state- 
ment of  the  problem  in  effect  answers  it,  namely,  that  the  required 
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form  of  the  cam  or  cams  shall  be  that  of  a  cycloiclal  curve,  in  the  pro- 
jection of  which  the  arc  is  the  generating  cii'cle,  the  plane  surface  is 
tangent  of  the  generating  circle,  and  the  fixed  roller  the  describing 
point.  I  have  just  referred  to  the  required  form  of  curve  as  a  '  sys- 
tem or  class.'  This  is  correct,  in  that  the  curve  of  the  cams  would 
only  be  a  cycloid  in  its  strictest  interi3retation  when  the  center  of  the 
friction  rollers  exactly  coincided  with  the  plane  on  which  the  arc 
rolls;  but  as  the  principle  involved  in  the  projection  of  the  curve  is 
the  same  in  any  instance,  whether  the  describing  jjoint  be  on  the  cir- 
cumference of  the  generating  circle  or  within  or  without  the  said  cir- 
cumference, or  be  the  point  in  the  plane  on  which  the  generating  circle 
rolls,  or  above  or  below  it,  or  whether  the  plane  were  also  a  curved  sur- 
face (in  which  instance  the  curve  would  be  an  epicycloid),  the  result 
produced  would  be  one  and  the  same  in  every  instance.  The  plane 
may  be  rolled  upon  the  curve,  in  which  case  the  friction  rollers  would 
traverse  the  cams.  The  term  '  plane  '  as  herein  employed  is  used  in 
its  broadest  sense,  without  limitation  as  to  rectilinear  or  curvilinear 
projection." 

In  Fig.  4  is  shown  the  practical  application  to  a  platen  A,  having 


rockers  5,  of  the  principle  illustrated  in  the  preceding  figure,  but 
with  two  important  additions.  First,  the  arbitrarily  curved  section 
between  13  and  18,  joining  the  cycloid  x  on  the  one  side,  and  also. 
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second,  joining  tlie  tangent  17,  18  on  the  other.  In  this  -wise,  the 
rocking  movement  conforming  to  the  cycloid  is  gradually  merged. by 
the  curved  section,  -w-ithout  the  slightest  shock  or  jar,  into  the  tan- 
gential jjortion,  thus  i^ermitting  the  i^laten  to  slide  with  perfect  free- 
dom and  ijarallelism  to  and  from  the  form. 

"In  this  manner,"  to  quote  again  from  specification  records, 
"the  movement  of  a  mass  which  may  weigh  hundreds  of  pounds  is 
produced  with  practically  no  friction  during  the  chief — the  rolling — 
portion  of  the  motion,  while  the  said  rolling  motion  is  converted  into 
a  reciprocating  sliding  motion  without  noise,  shock  or  material  wear 
of  the  parts.  The  rocking  block  is  also  positively  locked  against  dis- 
placement in  every  position  which  it  may  occupy,  so  that  it  cannot 
slide  during  the  time  when  it  should  rock,  oi:  rock  during  the  time 
when  it  should  slide." 

In  Fig.  5  is  shown  the  first  application  of  the  new  controlling  de- 
vice, the  cam  being  made  as  a  separate  part  attached  to  planed  seats 
on  the  platen  bridge  and  on  the  center  thereof.  As  shown,  the  walls 
of  the  cam  are  cut  away,  top  and  bottom,  at  the  right  hand  of  the  tan- 
gent of  the  curve,  corresjjouding  to  the  direct  slide  just  prior  to  the 
impression,  so  that  the  cam  and  its  roller  are  never  subjected  to  severe 
strain,  but  simply  act  to  ensure  the  i^roper  rolling  motion  of  the 
bridge  and  platen.  The  duty  required  of  the  cam  is  very  slight,  in 
that  the  thrust  upon  the  roller  is  constant,  changing  only  when  the 
motion  of  the  platen  is  reversed,  thus  ensuring  the  durability  both  of 
the  cam  and  of  the  roller. 

The  aforesaid  figure  also  shows  what  was  termed  the  dwell-cam  28, 
attached  to  the  crank  j^in.  The  eyes  of  the  connecting  rods  were 
slotted  so  that  the  crank  pins  could  traverse  back  therein.  In  this 
wise  the  platen  would  be  driven  by  the  crank  pins  from  the  vertical 
position  to  an  angle  of  45",  as  at  40,  whence  the  dwell-cams  would 
assume  control,  carrying  the  platen  still  further  out,  as  to  46,  an  angle 
of  68-,  and  at  this  position  the  platen  would  rest  or  "dwell,"  the 
crank  i^ins  meantime  moving  within  the  slots  of  the  rods.  The  jjre- 
sumed  advantage  of  this  dwell-cam  arrangement  was  that  it  realized  a 
distinct  gain  in  time  and  a  more  favorable  condition  for  feeding  the 
sheets. 

In  Fig.  6  is  shown  the  dwell-cam  as  applied  to  the  "Universal" 
press  by  the  Colt's  Company.  This  device  was  originally  suggested 
bv  Mr.  L.  C.  McNeal,  one  of  the  originators  of  the  machine,  but  the 
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form  here  shown  was  jointly  due  to  Mr.  Davis,  already  referred  to,  and 
to  Mr.  Charles  B.  Richards,  once  a  Member  of  this  Society,  who  at 
that  time  was  the  Mechanical  Engineer  of  the  Colt's  Comi^any.  While 
the  operation  of  this  was  all  that  could  be  desired  when  new,  the 
original  fault  remained,  that  the  roller  pin  c,  being  inserted  in  the 
front  of  the  connecting  rod  "eye,"  weakened  the  same,  and  that  the 
unsupported  crank  pin  was  unusually  liable  to  cut  and  grind.  This 
was  obviated  by  the  writer  in  the  design  shown  in  Figs.  5  and  7,  the 
location  of  the  pin  being  changed  to  the  opposite  side  of  the  crank 
l)in  and  a  free  sleeve,  d,  being  ajjplied  over  the  crank  pin.  Thus  the 
sleeve  would  act  as  a  friction  roll  when  traversing  the  slot,  but  would 
lock  in  the  end  of  the  slot  and  act  as  a  bushing  for  the  crank  i^in 
during  the  impression. 

Up  to  about  this  time  the  idea  was  more  or  less  dogmatically  fixed 
in  the  mind  of  the  writer  that  the  form  of  the  platen-controlling  cam 
must  be  such  as  to  cause  rolling  contact  between  the  rockers  and  their 
seats.  And  thus  does  the  rut  of  habit  "make  slaves  of  us  all." 
Finally,  through  a  thick  and  hardened  crust,  came  the  thought.  Why 
not  cause  the  rockers  to  slip  with  a  constantly  differential  movement? 
It  was  tried  between  two  mornings  experimentally,  and  the  final 
result  is  shown  in  Fig.  8.  In  this,  by  sim^^ly  curving  the  upper  jDor- 
tion  of  the  controlling  cam  forward,  the  slotted  connecting  rods  and 
the  dwell-cams  were  thrown  aside,  and  by  thus  causing  the  rockers  to 
roll  difi'erentially  and  slip  through  a  portion  of  their  swing,  the  platen 
was  can-ied  outward,  in  the  same  time  as  before,  to  the  45^  angle, 
while  its  further  progress  to  the  68^  angle  was  also  accomplished  in 
precisely  the  same  time  as  before,  but  with  the  single  difference  that 
it  was  swung  through  this  23-  space  at  a  slower  rate  of  speed. 
Not  only  did  this  simjilify  the  machine  and  materially  reduce  the  cost 
of  its  manufacture,  but  it  increased  the  safe  practicable  feeding  speed 
by  easily  25/0^  while  the  limit  of  its  durability  is  not  known;  as  uj}  to 
the  present  time,  -covering  an  experience  with  over  1  000  machines, 
there  has  not  been,  so  far  as  heard  of,  a  single  failure. 

Fig.  9  (Plate  LXX)  is  a  half-tone  illustration  of  a  complete  jjrinting 
press,  from  the  fly-wheel  side.  Attention  is  directed  to  the  combined 
belt  shifter  and  brake,  by  means  of  which  a  single  thrust  of  the  hand 
shifts  the  belt  to  the  loose  jjulley  and  at  the  same  time  apjjlies  great 
friction  to  the  fly  wheel.     The  hand  lever,  at  its  lower  end,  extends 
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inwardly,  like  a  bell  crank,  and  at  its  extremity  tlie  brake  shoe  is 
attached  through  the  intervention  of  a  ball  and  socket  joint.  This 
ensures,  tinder  all  circumstances,  a  proper  contact  upon  the  face  of  the 
fly  wheel.  But  the  brake  jjower  is  especially  effective  because  of  the 
location  of  the  shoe,  as  it  will  be  seen  that  its  contact  upon  the  fly  wheel 
is  not  direct,  as  it  would  be  if  below  the  center  of  the  shaft,  but 
makes  an  oblique  impingement,  analogous  to  the  action  of  a  wedge. 
With  this  appliance  a  boy  can  stop  the  press  within  the  period  of  a 
portion  of  one  revolution,  when  the  fly  wheel,  weighing  150  lbs. ,  is  re- 
volving at  the  rate  of  three  revolutions  a  second.  In  this  device  the 
only  mistake  made,  commercially  considered,  was  that  the  writer  did 
not  have  the  forethought  to  apply  it  earlier ;  for  when  your  printer- 
editor  will  look  with  a  cold  and  irresponsive  stare  upon  cams,  cranks 
and  rockers,  there  will  come  over  his  countenance  at  least  a  shade  of 
warmth  as  he  operates  what  he  is  pleased  to  term  the  "switcher." 
And  there  may  be  the  best  of  reasons  for  this  ;  for  he  may  have  stood 
in  front  of  a  swiftly  moving  platen,  at  some  time,  with  the  carriage 
bumping  over  a  loose  form,  and  no  means  for  quickly  averting  disaster. 

The  chase  (the  iron  frame  used  for  locking  uj)  the  form)  is  secured 
to  the  face  of  the  bed  by  a  latch,  oi^erated  by  the  short  pedal  shown 
in  the  right-hand  side  of  the  engraving.  Thus  the  chase  may  be 
quickly  tilted  forward  or  removed  by  the  ijressman,  who,  having  both 
hands  free,  elevates  or  permits  the  depression  of  the  latch  entirely  by 
the  pedal.  The  pivoted  guard  above  the  pedal  is  to  prevent  accidental 
depression.  This  is  swung  upward  by  the  foot  when  desirable  to  ope- 
rate the  latch,  but  it  swings  back  automatically  upon  withdrawing  the 
foot.  In  other  words,  the  pressman  or  feeder,  to  operate  the  device, 
must  first  think. 

The  main  connecting  rods  are  of  steel,  finished  by  drop  forging, 
and  are  produced  from  a  solid  billet  of  metal,  without  welding.  This 
method,  and  the  detail  in  connection  therewith,  was  carried  into  suc- 
cessful practice  by  Mr.  L.  C.  Grover,  M.  Am.  Soc.  M.  E. ,  Superintend- 
ent of  the  Colt's  Arms  Company.  The  grade  of  steel  used  is  such  that 
the  average  tensile  strength  is  about  70  000  lbs.  per  square  inch  of  sec- 
tion, with  an  elongation  of  about  20  i)er  cent,  in  test  specimens. 

The  impression  may  be  thrown  off  at  any  part  of  the  platen  motion, 
bv  disconnecting  the  latch  of  the  adjuster  bar,  shown  at  the  right-hand 
side  of  the  platen,  and  then  swinging  it  downward  with  its  attached 
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eccentric  sleeves.  The  effect  of  this  is  to  lengthen  the  main  connect- 
ing rods. 

The  plan  here  employed  for  oiling  the  crank  pins  is  believed  to  be 
novel,  consisting  in  drilling  a  hole  length-  V^ 
■wise  through  the  washer  bolt  to  reach  the 
cavity  at  the  end  thereof.  This  forms  an 
oil  reservoir.  Then  a  hole,  A,  is  drilled 
transversely  through  the  crank  pin,  to 
intersect  the  said  cavity.  Consequently,  at 
every  revolution  of  the  crank  pin,  the  oil 
runs  out  and  back  again,  constantly  wash- 
ing the  bearing  surface  with  the  lubri- 
cant. Since  this  arrangement  cut  crank 
pins  have  been  a  rarity. 

In  Figs.  10,  11  and  12  are  shown  the 
details  of  the  ink  cylinder,  for  distributing 
the  ink,  which  result  is  obtained  by  caus- 
ing the  cylinder  both  to  rotate  and  to 
recijirocate.      The   smaller   bevel    gear   is  Kig.  ea. 

fixed  to  the  carriage-way  and  does  not  rotate.  The  larger  bevel  gear  is 
mounted  upon  an  arm  fixed  to  and  moving  with  the  cylinder  shaft. 
Hence,  the  larger  gear  has  a  compound  movement,  rotating  with  the 
cylinder  and  also- revolving  upon  its  own  axis.  The  latter  is  termed 
the  traveling  gear.  An  eccentric  stud  upon  this  traveling  gear  carries 
a  steel  slide  block  engaging  a  slot  in  the  cylinder.  The  consequence 
of  this  is,  that  the  cylinder  as  it  rotates  is  also  driven  back  and  forth, 
the  extent  of  this  movement  being  equal  to  the  "  throw  "  of  the  eccen- 
tric stud.  The  velocity  ratio  of  the  gears  is  such  as  to  produce  a  rela- 
tively slow  "vibration,"  and  at  a  speed  differential  to  that  of  the 
rotation.  Therefore,  the  reversing  action  has  little  or  no  tendency  to 
tear  the  composition  rollers,  although  the  distribution,  that  is,  the 
gi-inding  of  the  ink -to  a  thin,  uniform  film  (which  simple  rolling  will 
not  accomplish),  is  of  the  highest  order.  A  point  of  special  advantage 
in  this  action  is  that  both  the  form  rollers  and  the  distributor  rollers 
are  acted  upon  at  the  same  time;  also  that,  being  contained  within  the 
cylinder,  no  extra  space  need  be  provided.  The  initial  driving  action 
is  derived  from  the  spur  gear,  which  meshes  with  the  main  crank  gear, 
and  turns  the  cylinder  by  the  two  driving  i^ins,  which  are  freelv  fitted 
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to  tlieir  bearings  in  the  cylinder,  ihxis  permitting  it  to  be  slid  back  and 
forth.  Two  errors  of  judgment  were  made  in  the  first  design  of  this 
device.  First,  in  driving  the  cylinder  by  a  spline  in  the  cylinder 
shaft,  this  not  having  sufficient  bearing  surface.  The  two  pins,  driv- 
ing right  and  left,  balanced,  were  a  complete  remedy.  The  second 
error  was  in  not  confining  the  revolving  si^ur  gear  endwise  to  its  jour- 
nal. By  this  omission  the  thrust  of  the  gear  was  borne  by  the  faces  of 
the  slot  in  the  cylinder  ;  hence,  when  the  work  was  unusually  heavy, 
these  gears  were  liable  to  fail.  This  difficulty  was  entirely  obviated, 
however,  by  confining  the  revolving  gear  to  its  shaft,  making  it  a  self- 
contained  structure,  by  means  of  an  end  plate  not  shown  in  the  en- 
graving. 


Fig.  11  Fig.  12 

tDETAIL  SECTIONAL  VIEWS  OF  INK  DISTRIBUTING  ACTION. 

The  half-tone.  Fig.  13  (Plate  LXXl),  is  to  show  the  detail  of  the  ink 
fountain,  also  the  apparatus  for  actuating  the  carriage  which  carries  the 
form-inking  rollers.  The  operating  parts  of  the  fountain  are  best  shown 
in  the  detail  view,  Fig.  14,  but  will  not  be  closely  described  in  all  of  their 
detail.  The  spiral  spring,  acting  upon  the  arm  of  the  vibrator  frame, 
swings  the  ductor  roller  from  the  fountain  cylinder  over  to  the  main 
ink  cylinder.  A  spring  is  here  employed  by  preference,  as  it  secures 
an  elastic  contact  upon  the  main  ink  cylinder  and  allows  for  the  con- 
siderable changes  in  the  sizes  and  form  of  the  composition  rollers, 
which  not  infrequently  shrink  nearly  10%  of  their  diameters.     These 
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Fig.  13. — Quarto  Medium,  Style  1,  Plateu  Printiog  Press. 
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movements  are  accurately  timed,  relatively,  so  that  the  contact  of  the 
ductor  roller  upon  the  main  ink  cylinder  takes  place  as  the  carriage 
starts  on  its  down  motion  ;  thus  the  supply  of  fresh  ink  from  the 
ductor  roller  is  distributed  during  the  time  that  the  form  is  being 
inked  ;  while,  conversely,  the  ductor  is  at  the  fountain  while  the  form 


DETAIL  VIEW  OF  APPARATUS  FOR  OPERATING  THE  INK  FOUNTAIN. 

rollers  are  upon  the  cylinder.  The  feed  may  be  instantly  stopped  or 
started,  without  stoj^ping  the  press,  by  simply  swinging  the  ratchet 
pawl  in  or  out  of  engagement.  So,  too,  the  number  of  ratchet  teeth  to 
be  engaged  may  be  quickly  changed  by  adjusting  the  thumb-screw  in 
the  main  driving  lever. 

Fig.- 15  shows  a  detail  of  the  carriage  action.      In  these  presses  the 
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DETAIL  VIEW  AND  DIAGRAM  OF  THE  HOOK-CONNECTION. 

carriage  may  be  stopped  upon  the  cylinder  by  simply  drawing  the  pro- 
jecting handle,  which  is  shown  on  the  left-hand  side,  front,  of  the  frame, 


613  THOMSON   ON   PLATEN   PRESSES. 

Fig.  9.  The  advantage  of  this  is,  that  the  ink  may  be  thoroughly  dis- 
tributed upon  the  rollers  while  the  form  is  in  the  bed,  the  press  being 
operated  without  smearing  the  form.  The  device  is  positive  and  may 
be  ojjerated  at  any  time,  either  to  engage  or  disengage.  In  this  con- 
nection, the  chief  feature  to  be  pointed  out  is  shown  in  Fig.  15,  and 
consists  in  the  application  of  the  steel  friction  roller  e  to  the  hook  pin 
and  recessing  the  quadrant  r  of  the  hook.  In  the  earlier  movements 
of  this  character  the  hook  made  direct  engagement  upon  the  pin  /,  the 
conseqiience  being  that  both  the  pin  and  the  hook  wore  very  rapidly 
and  develoijed  excessive  lost  motion.  Besides,  the  circular  sweep  of 
the  rocker  shaft  A  had  a  provoking  tendency  to  lift  the  hook  out  of 
engagement  with  the  pin.  By  the  present  arrangement  the  hook  is 
forced  to  stay  in  proper  engagement  and  the  wear  is  almost  entirely 
confined  to  the  pin. 

The  writer  may  say  that  the  definite  location  of  the  fault  in  this 
device,  the  discovery  of  why  the  hook  might  properly  maintain  its 
engagement  for  99  operations,  and  then  in  the  case  of  the  100th  would 
apparently  lift  itself  out  of  gear,  and,  like  a  balky  horse,  without  reason, 
simj^ly  quit,  was  one  of  the  most  perplexing  problems  he  ever  had  to 
deal  with.  Presses  were  closely  watched  in  operation,  for  hours  at  a 
time,  the  automatic  disconnection  going  on  at  irregular  intervals,  until 
finally  one  of  the  watchers  threw  up  his  hands,  saying  :  "  Well,  I  give 
U13  ;  it  miist  either  be  a  devil  or  a  hoodoo."  But  it  was  neither  ;  and 
here  is  a  word  for  theoretical  demonstration.  The  writer  firmly  be- 
lieves that  the  movement  might  have  been  watched  for  a  year  without 
discovering  the  cause  ;  for,  upon  a  more  careful  plotting,  in  a  drawing 
of  large  scale,  he  discovered  not  only  that  the  swing  of  the  rocker-arm 
shaft  was  making  a  perfectly  legitimate  eflfort  to  roll  the  hook  out  of 
its  engagement,  as  indicated  in  the  drawing  by  the  arrow,  but  that  this 
was  augmented  by  the  fact  that  the  thrust  contacts  as  between  the  two 
arcs  were  favorable  to  the  fault ;  that  there  were  two  tendencies  at  work 
at  times  to  produce  the  fault.  Theory  having  pointed  out  the  cause, 
the  practical  remedy  was  almost  obvious  ;  at  any  rate,  the  desired 
result  was  obtained  by  a  few  strokes  of  a  half-round  file  ;  consisting,  as 
shown,  in  removing  the  quadrant  r,  which  was  the  field  of  the 
interfering  action. 

The  movement  of  the  carriage  back  and  forth  over  the  form  has 
been  the  subject  of  the  greatest  care  and  attention,  whereby  to  effect  a 
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perfectly  cumulative  start,  reverse  and  stop,  -with  such  a  disposal  of 
the  motive  mechanism  as  to  ensure  durability  at  high  speed  of  oj^era- 
tion.  This  action  is  derived  from  the  cam  formed  in  the  inside  of  the 
main  gear,  best  shown  in  Fig.  13.  The  detail  of  this  cam  and  its  de- 
velopment will  not  be  described,  as  it  involves  only  the  work  which 
any  competent  engineer  ought  to  be  able  to  carry  out.  There  is  one 
feature  here,  however,  which  may  be  adverted  to,  correspondLug  some- 
what to  the  transition  curve  theory  of  railroads,  namely,  that  all 
cams  should  have  their  starting  point  materially  farther  back  and 
their  entering  curve  of  materially  greater  radius  than  might  appear 
called  for  theoretically.  The  reason  for  this  is,  that  the  point  marked 
for  the  theoretical  divergence  from  the  concentric  arc  or  the  tangent 
is  seldom  if  ever  the  position  at  which  the  actual  initial  divergence 
takes  place  ;  for  the  reason  that,  although  the  mathematics  of  the  plan 
on  paper  may  be  perfect,  in  actual  mechanism  the  lost  motion  and 
spring  of  parts  are  often  sufficient  to  neutralize  the  easement.  Hence, 
when  the  deflection  does  take  place,  it  is  at  too  rapid  a  rate  of  speed, 
and  the  result  is  a  shock  or  undue  wear  of  parts.  Ergo,  if  there  were 
no  lost  motion  and  greater  rigidity  in  railroad  cars,  would  not  many 
of  the  present  curves  have  ample  easement  ? 

Fig.  16  is  a  diagram  which  may  be  of  interest  even  to  those  some- 
what familiar  with  printing,  and 
it  is  to  show  the  reason  why  a  hard  T 
' '  tympan  "  (that  is,  the  sheets  used  %^ 
on  the  platen  to  cushion  the  im-  ''', 
pression  and   on  which   to   make  , 
ready)  will,  other  things  equal,  be  ; 

easier  on  the  type  and  produce  a  ' 

better   effect   than   when   a   soft. 


0.920' 


HARD 
TYMPAN 


Fig.ae 


\^ 


-SOFT 

TYMPAN 


* 


yielding  tympan,  a  pillow,  is  em- 
ployed. Obviously,  when  a  tyjae 
is  forced  into  a  yielding  tympan, 
as  shown,  it  not  only  indents  the 
paper,  but  quickly  rounds  off  the 
sharp  edges  of  the  type;  whereas,  the  sharp,  square  type  coming 
into  accurate  contact  with  the  hard,  inelastic  tympan,  will  represent 
contact  under  pressure,  but  without  abrasive  action.  So,  too,  the 
type  marked  "underlay  "  indicates  the  best  method,  when  permissi- 
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ble,  of  correcting  a  defective  imiiression,  which  is  to  bring  the  low 
types  up  by  packing  from  below,  rather  than  by  "  overlaying"  on  the 
tympan.  The  printing  of  daily  newsjjapers  is  not  included  in  the 
foregoing.  In  such  work  "  blankets  "  are  used  upon  the  impression 
cylinder,  and  punching  would  be  a  more  appropriate  term  than 
printing. 

The  diagram,  Fig.  17,  is  intended  to  represent  the  delicacy  of  con- 
tact and  perfection  of  movement  necessary  to  ink  jjroperly  the  now 
widely  used    "half-tone"  engravings.      Thus,    not   infrequently   the 


HALF-TONE   PLATE.    DEn|H  OF  ETCHINGSi  .0075" 
,        (ACTUAL  RELATION.) 

PRINTING. 

Fifr.  ir 


height  of  the  points  bear  a  relation  to  the  form  roller  of  as  1  :  1  000, 
and  it  will  be  apparent  that  the  slightest  fault  in  the  distribution  of 
the  ink  or  ''  drag  "  of  the  rollers  as  they  pass  over  the  engraving  would 
result  in  filling  the  recesses,  causing  a  smudging  of  the  sheet. 

Fig.  18  (Plate  LXXII)  rej)resents  a  special  press  adapted  to  a  com- 
bination of  ijurposes.  This  machine  is  provided  with  double  steel- 
section  gears  and  double  fly  wheels.  The  shafting,  crank  jiins  and 
connecting  rods  are  as  heavy  as  can  be  swung  in  the  space  available. 
Comparatively  few  of  such  machines  have  heretofore  been  made,  the 
demand  necessarily  being  limited;  but  in  several  instances  a  single 
machine  has  been  adapted  to  produce  the  following  range  of  work: 
embossing,  book-cover  stamping,  with  either  hot  or  cold  dies;  book- 
cover  inlaying,  wood  jDrinting,  up  to  1  in.  in  thickness;  cutting  and 
scoring  of  pajjer  blanks  and  any  variety  of  color  or  letter-j^ress  printing. 


Embossing  Pkesses. 

Next  in  order  of  imi^ortance  come  presses  adapted  for  embossing. 
The  lighter  grades  of  work  may  occasionally  be  executed  upon  jslaten 
printing  presses,  but  even  when  constructed  in  the  strongest  and  most 
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Fig.  18.— Combination  Platen  Printing  Press. 
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rigid  manner  the  usual  eflfect  of  embossing  is  to  lower  more  or  less  tlie 
efficiency  of  the  machine  as  a  printing  press,  the  reason  for  which  is, 
that  the  hard  pounding,  the  hammer-like  shocks,  often  experienced  in 
embossing  result  in  hollow  beds  and  platens.  Moreover,  frequently 
the  heaviest  impressions  are  imposed  upon  dies  of  small  area,  thus  cen- 
tralizing the  strains  upon  a  small  surface.  In  embossing  practice,  a 
heavy  die  is  not  necessarily  of  large  dimensions,  as  its  "heaviness  "  is 
much  more  dependent  upon  the  number  and  character  of  the  lines  or 
points  to  be  brought  up  in  the  paper  than  in  the  mere  upsetting  of 
blank  surfaces  having  greater  area. 

Another  condition  of  unusual  severity  to  be  contended  with  in  em- 
bossing is,  that  dies  may  frequently  be  set  out  of  proper  center. 
Sometimes  this  cannot  be  avoided,  but  most  frequently  it  is  caused  by 
error  of  judgment  in  the  pressman.  The  cause  of  this  is  that  the 
proper  center  of  a  die  with  respect  to  the  platen  may  not  be  its  lineal 
center.  What  is  here  meant  by  the  term  "  proper  center  "  is  the  center 
of  pressure,  to  determine  which,  in  regular  practice,  is  largely  a  matter 
of  experience  and  judgment.  Thus,  to  cite  a  simple  example,  if  a  die 
6  ins.  wide  by  12  ins.  long  has  twice  the  amount  of  line  work  in  6  ins. 
of  its  length  than  it  has  in  the  other,  then  this  end  will  require  twice 
as  much  pressure  as  the  other;  hence,  to  balance  the  strain  upon  the 
press,  upon  this  basis  of  2:1,  assumed 
either  as  of  jjressure  or  of  leverage,  the 
transverse  center  of  such  a  die  should  be 
4  ins.  from  the  end  of  its  heavy  surface. 

Still  another  reason  why  paper  emboss- 
ing involves  very  heavy  jaressure  is  that 
but  one  die  is  used;  a  fact,  by  the  way, 
which  is  not  infrequently  unknown  even 
by  jjrinters  of  experience.  Thus,  the  real 
die,  which  is  usually  cut  in  steel  or  brass 
and  occasionally  etched  in  zinc,  is  a  sunken 
figure,  an  intaglio,  while  that  which  would 
correspond  to  the  "male"  die  is  termed  a 

"  force  "  or  "  counter,"  and  this  is  invaria-  EMBOSSING, 

bly  built  up  artificially,  as  will  be  under-  Kig.  isj^ 

stood  by  reference  to  the  diagram,  Fig.  18^.  In  the  construction  of 
"forces"  many  substances  are  used,  such  as  paper,  with  marine  or 
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fishghie;  waxes  of  various  kinds,  cements,  shellac,  clays,  gutta-percha, 
fibers,  hard  rubber  and  the  like.  But  it  can  be  accepted  as  a  principle 
that  some  kind  of  resilient  substance  is  essential;  for,  even  if  it  were 
practicable  to  produce  a  perfect  metal  "  counter  "  (and  this  has  been 
tried  by  electrical  deposition),  it  would  fail,  because  it  is  improbable  that 
any  machine  can  be  built  so  rigid,  under  strain,  but  that  it  would  act  to 
cut  the  sheet.  In  this  character  of  "  make-ready  "  much  depends  upon 
the  skill  of  the  pressman;  one  man  will  produce  a  satisfactory  result 
with  20  tons  of  pressure,  where  another  man  would  hardly  do  more 
than  indent  the  paper  with  100  tons.  The  nub  of  the  whole  matter  is 
to  get  the  pressure  into  the  recesses  of  the  die. 

Fig.  19  (Plate  LXXIII)  illustrates  the  writer's  most  recent  design  in 
this  class  of  machine,  and,  although  its  platen  dimensions  are  but 
12^^  X  18  ins. ,  the  press  weighs  about  3  200  lbs.  It  is  a  solid  mass  of 
iron  and  steel.  Figs.  20,  21,  22  and  23  should  also  be  referred  to  in 
the  following  description. 

The  j)eculiarity  which  establishes  the  designation  of  this  i^ress, 
"  eccentric  action,"  is  that  the  platen  is  actuated  by  eccentrics  instead 
of  cranks,  these  eccentrics  being  formed  upon  the  inside  faces  of  the 
gears  and  projecting  inwardly  through  the  main  connecting  rods,  which 
latter  are  thus  interposed  between  the  finished  side  of  the  bed  and  the 
finished  faces  of  the  gear  wheels,  the  space  being  just  sufficient  to 
permit  free  movement.  In  this  wise  the  shafts  and  main  connecting 
rods  are  brought  to  an  almost  perfect  shearing  strain,  the  impressional 
stress  being  applied  with  such  directness  as  to  avoid  sjjring,  end- 
thrust  or  side  cramp.  The  gears,  being  outside  of  the  rods,  can  thus 
be  made  of  almost  any  desired  diameter,  permitting  a  high  relation  of 
single-pair  gearing.  The  sides  of  the  bed  do  not  require  to  be  re- 
cessed to  receive  the  gears;  hence,  are  carried  out  flush  with  the  rods. 
It  is  believed  that  this  represents  a  fair  approximation  to  what  has 
been  well  termed  "  the  anvil  principle  "  in  machine  construction.  The 
practical  benefit  to  the  embosser  is  the  facility  with  Avhich  the  job  may 
be  made  ready,  and  its  long  life  when  so  completed,  as  there  is  less 
tendency  to  "  crawl,"  a  fault  which  quickly  breaks  down  the  fine  lines 
of  the  force. 

The  iJlaten  motion  is  similar  to  that  of  the  printing  jjresses,  that  is, 
a  direct  slide  to  the  imjjression  positively  controlled  by  interlocking 
lugs.     The  extent  of  the  direct  motion  is  |  in.     But  there  is  one  im- 
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Fig.  19. — Eccentric  Action  Kmbossing  Press. 
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Ijortant  modification.  Tlie  rocker  seats  being  inclined  to  an  angle 
of  45°,  the  platen  is  thus  virtually  suspended  by  the  connecting  rods, 
the  rockers  sustaining  but  a  ijortion  of  the  weight  of  the  platen.  The 
rockers  are  developed  from  the  center  of  the  shaft.  These  conditions 
were  all  favorable  to  forming  the  bridge  cam  in  such  manner  as  to 


Fig.  20 


Fig.  SI 


^'S.^S  Fig.  03. 

swing  the  platen  difierentially  on  its  shaft  in  unison  with  the  travel  of 
the  eccentrics,  so  that  the  "throw"  of  the  eccentrics  is  augmented  to 
the  extent  that  the  lower  edge  of  the  platen  is  carried  outward  in  a  line 
practically  parallel  with    the  face   of   the   bed.     Two  important  ad- 
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vantages  are  thereby  obtained.  First,  the  entire  face  of  the  platen  is, 
as  it  were,  lifted  out  and  up  to  the  feeder;  and  second,  the  radius  of  the 
eccentrics  is  i-educed  to  a  niinimum,  iu  this  machine  being  but  2|  ins. 
But  for  this  design  of  the  bridge  cam  the  radius  of  the  eccentrics 
would  have  required  to  be  at  least  3J  ins. 

The  bridge  in  this  press  is  also  the  platen,  that  is,  instead  of  being 
made  in  two  parts  bolted  together,  one  solid  casting  comprises  the  two 
functions.  It  is  heavily  ribbed  to  resist  compression  in  front,  with 
elliptical  formation  at  the  back  to  resist  transverse  and  tensile  strains. 

The  platen  may  be  carried  back  or  forth  through  a  range  of  ^  in.  in 
10  sejjarate  adjustments,  by  means  of  the  eccentric  sleeves  positively 
locked  to  each  connecting  rod.  Thus  the  center  of  strain  through 
the  platen  is  never  altered  by  changing  the  rotative  positions  of  the 
sleeves. 

The  bed  is  inclined  forward  to  an  angle  of  45^  from  the  vertical. 
The  platen  is  caused  to  swing  outward  and  upward  to  within  5^  from 
the  horizontal.  In  this  manner  the  face  of  the  platen  presents  itself 
to  the  operator  like  a  table,  and  although  40-  of  swing  is  unusually 
short  in  a  platen  jjress,  this  machine  is  frequently  fed  at  the  rate  of 
1  800  impressions  an  hour. 

The  press  is  entirely  self-contained,  that  is,  every  jjart  is  directly 
attached  to  the  frame.  The  eccentrics  are  oiled  from  the  outside  of 
the  gear  wheels  and  the  bridge-shaft  trunnions  through  a  slot  in  the 
bridge,  consequently  the  connecting  rods  are  not  pierced.  Oil  reser- 
voir's are  formed  in  the  gears,  from  which  project  oil  holes  to  the  bear- 
ing faces  of  the  eccentrics,  the  consequence  of  this  being  that  oil  is 
fed  at  each  revolution  of  the  gears. 

The  pinions  are  cut  solid,  forming  a  part  of  the  driving  shaft,  which 
is  3  ins.  diameter  and  is  mounted  in  a  babbitted  box  extending  across 
the  frame.  The  main  connecting  rods  are  of  liberal  dimensions  of 
mild  forged  steel. 

There  is  a  section  of  steel  in  each  of  the  gear  wheels,  in  which  are 
formed  the  teeth  that  carry  the  eccentrics  over  the  nip.  This  section 
is  formed  separately,  is  then  placed  in  the  mold  and  fused  to  the  iron 
during  the  process  of  casting.  The  union  of  the  two  metals  is 
usually  perfect.  The  advantages  of  this  construction  are  that  the 
strength  of  the  steel  teeth  is  at  least  quite  as  great  as  would  be 
obtained  were  the  entire  wheel  produced  from  a  steel  casting,  while  in 
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the  event  of  accidental  breakage  the  wheel  can  be  duplicated  at  much 
less  expense.  This  mode  of  producing  gear  wheels  for  heavy  im- 
pressional  duty  originated  with  the  writer  about  14  years  ago,  the 
Colt's  Arms  Company  conducting  the  primary  experiments,  which 
resulted  in  complete  success.  Many  himdreds  have  since  been  put 
into  severe  service  without  a  single  failure  at  the  fuse  or  "weld"  so 
far  as  he  is  aware.  This  is  a  feature  which  would  seem  to  be  appli- 
cable in  many  like  cases.  The  construction  was  not  patented,  to  the 
writer's  frequent  regret,  and  anyone  is  free  to  use  it. 

A  steam  blank,  shown  detached  in  Fig.  23,  is  fitted  to  the  bed,  the 
pipes  pressing  down,  and  thence  back  under  the  frame.  This  blank, 
the  better  to  conduct  the  heat  to  the  dies,  is  made  of  hard  composition. 
It  is  usually  arranged  so  that  cold  water  may  be  turned  on  to  cool  oflf 
quickly.  Occasionally  the  back  of  the  blank  is  grooved  to  permit 
I)assage  of  air,  acting  to  prevent,  somewhat,  the  conduction  of  heat  to 
the  bed. 

The  friction  clutch  has  i^roved  highly  effective.  It  is  shown  on 
Fig.  19,  as  recently  designed  and  applied.  The  shifter  handle  is 
fitted  with  a  brake  shoe,  so  that,  when  the  clutch  is  thrown  off,  reliev- 
ing the  press  from  the  fly  wheel  and  the  belt,  friction  is  at  the  same 
time  applied  to  the  web  of  the  clutch  mechanism,  thereby  stopping 
the  platen  at  any  desired  position  of  its  travel.  The  chitch  may  be 
operated  with  any  degree  of  rajiidity  without  danger  of  damaging 
the  press,  and  ^-ithout  the  slightest  shock  or  jar  in  stai'ting  or 
stopping.  But  little  novelty  is  claimed  for  this  clutch,  of  which, 
possibly,  the  dominant  feature  is  that,  being  a  friction  clutch  and 
operating  under  excessively  severe  conditions  (shock-transmission),  it 
jjerforms  its  function  quite  as  perfectly  as  if  a  positive  engagement 
were  effected.  A  reason  for  this,  it  is  believed,  is  that  the  parts  are 
unusually  heavy,  and  are  constructed  with  a  degree  of  accuracy  not 
ordinarily  followed  out  in  such  devices  ;  consequently  the  power 
derived  from  the  hand  of  the  operator  goes  almost  entirely  into  adhesive 
friction,  little  or  none  being  absorbed  in  spring  of  parts. 

Presses  for  CriTixG  and  Scoring  Paper  Blanks  Used  in  the 
Makutactxtre  of  Folding  Paper  Boxes. 

The  process  of  making  folding  pap^r  boxes  as  now  carried  on  may 
properly  be  designated  not  only  a  modern  art,  but  a  modern  American 
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art,  with  which  the  writer  has  had  something  to  do.  Although  the 
business,  commercially,  has  reached  an  enormous  volume,  it  is  be- 
lieved to  be  yet  in  its  infancy,  as  the  uses  and  adaptations,  both  of 
paper  itself  and  the  boxes  made  therefrom,  are  being  constantly  ex- 
tended, covering  all  employments,  such  as  water-proof  paper  for  butter, 
raw  oysters  and  ice  cream,  the  higher  grades  for  laces,  candy  and 
clothing,  and  those  of  strongest  fiber  for  hardware,  ammunition  and 
the  like. 

Examples  of  paper-box  blanks  are  shown  in  Figs.  24  and  25.     The 
full  lines  represent  cuts  made  by  the  steel  rule,  where  the  sheet  is  en- 


Fig.  24 

tirely  separated,  while  the  dotted  lines  indicate  the  crease  or  kerf  pro- 
duced by  the  brass  rule  and  uj)on  which  the  blank  is  folded,  to  form  a 
box.  By  this  system  the  cut  and  the  crease  are  produced  at  one  and 
the  same  impression.  One  of  the  controlling  advantages  incident 
thereto  is,  that  although  the  sheet  may  not  be  fed  to  exact  register  on 
the  platen,  the  cut  and  score,  with  respect  to  each  other,  are  bound  to 
be  as  perfect  as  the  die.  Consequently,  there  is  but  little  loss  of  stock 
as  the  result  of  careless  feeding.  A  plurality  of  these  blanks  is  usually 
formed  at  each  impression,  that  is  to  say,  from  2  to  20,  or  as  many  as 
can  be  disposed  in  a  single  sheet  of  the  cajjacity  of  the  machine,, 
and  this  is  one  of  the  advantages  inherent  in  a  machine  of  large  size, 
as  the  stiflf,  smooth  paper  used  in  box-making  may  ordinarily  be  fed 
nearly,  if  not  quite,  as  rapidly  in  large  sheets  as  in  small. 

The  process  is  quite  simple,  consisting  in  setting  and  locking  up  in 
a  chase  pieces  of  steel  and  brass  rule,  properly  disposed,  to  produce 
the  desired  form  of  blank.  When  so  assembled  it  is  termed  a  "  die." 
The  steel  rule  is  used  for  cutting,  and  is  sharpened,  usually  from  both 
sides,  like  a   "  cold  chisel  ";  the  regular  type-high  standard — that  is,. 
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.92  in. — having  come  into  use  through  the  original  employment  of 
Ijrinting  presses  for  the  work.  The  brass  rule  is  used  for  i^roducing 
the  crease  or  score,  and  is  usually  from  .01  to  .02  in.  less  in  height  than 
the  steel  rule.  Its  face  may  be  left  square  or  rounded,  according  to 
special  requirements.  The  cut  is  made  against  metal  plates,  placed 
upon  the  surface  of  the  platen.  Tin,  copper,  brass,  zinc,  iron,  steel, 
hard  rubber  and  many  of  the  fibers  have  been  employed  for  this  pur- 
pose, varying  in  thickness  from -3V  to  i  in.,  but  the  regular  practice 
now  is  to  use  ground  steel  plates  |  in.,  ^e  in-  or  i  in.  thick.  The  term 
' '  ground, "  in  this  connection,  means  that  the  plates  are  finished  bright, 
as  in  circular  saws.  The  grade  of  steel  is  usually  referred  to  as  "  soft  " 
or  "  medium  "  saw  plate. 

The  steel  cutting  rules  are  usually  not  tempered,  but  are  planed, 
milled  or  filed,  and  then  slightly  riin  over  by  an  oil  stone  to  remove  the 
wire  edge.  The  quality  of  this  material  is  usually  designated  as  "hard 
cold-rolled  sjDring  steel. " 

The  diagi-am,  Fig.  26,  may  assist  to 
an  understanding  of  the  princiijal  fea- 
ture of  this  process.  Here,  as  in  letter- 
press printing  and  embossing,  the  skill 
of  the  pressman  is  quite  as  essential  to 
success  as  that  he  who  handles  a  transit 
should  understand  how  to  adjust  it  as 
well  as  to  take  its  readings. 

Fig.-  27  (Plate  LXXIVj  illustrates  the 
latest,  and  probably  the  strongest,  most 
rigid  and  largest  jilaten  machine  of  the 
jobbing  i^attern  that  has  yet  been  de- 
signed. As  it  exemplifies  the  principles 
already  pointed  out  in  the  embossing 
press,  but  one  or  two  special  features 
will  be  described.  Thus,  as  shown  in 
the  engraving,  the  fly  wheel  is  mounted 
upon  the  top  of  the  bed  between  the  gear  wheels.  The  advantages  of  this 
disposal  are  increased  compactness,  a  perfect  division  of  the  strain  to  the 
gears,  and  the  ability  to  moimt  the  clutch  handle  directly  in  front  of 
the  feeder.  The  bed  is  inclined  15° ;  hence,  the  rockers  of  the  bridge 
roll  back  and  forth  upon  an  inclined  plane.     The  object  of  this  is  to 
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bring  the  platen  face  further  out,  to  facilitate  the  more  rapid  feeding 
of  large  sheets.  These  machines  are  frequently  operated  at  the  rate 
of  1  500  impressions  an  hour,  an  interval  between  impressions  of 
slightly  less  than  2.5  seconds.  The  weight  of  the  platen  is  1  300  lbs., 
and  at  each  recijjrocation  it  moves  through  an  angle  of  about  60-.  The 
weight  of  all  the  parts  in  motion  is  about  2  500  pounds.  The  i^laten,  to 
all  ocular  intents  and  purposes,  may  be  instantly  stopped  and  started, 
either  during  its  inward  or  outward  action,  without  the  slightest  shock 
or  tremble. 

Fig.  28  (Plate  LXXV)  illustrates  the  crank  action  type  of  paper-box 
cutting  and  creasing  presses.  This  is  a  case  in  which  "the  first  shall 
be  last,"  for  chronologically,  this  was  the  first  machine  of  the  "  Colt's 
Armory  "  line  of  presses  designed  by  the  writer,  the  drawings  for  which 
were  made  during  the  winter  of  1886.  There  was  a  number  of  things 
m  connection  with  the  j^roduction  of  this  machine  which  was  jjarticu- 
larly  gratifying.  This  was  the  first  practical  application  of  the  new 
platen-controlling  device  ;  it  was  the  largest  platen,  at  that  time, 
21  X  32  ins.,  and  its  weight,  1  100  lbs.,  was  nearly  twice  that  of  any 
prior  machine  of  its  kind  ;  the  eccentric  sleeves  used  for  throwing  off 
the  impression  required  to  be  secured  to  the  bridge  by  double  latches 
and  yet  to  be  readily  detachable  by  one  hand.  Moreover,  it  would  not 
be  a  commercial  success  unless  it  operated  satisfactorily  at  1  200  im- 
jjressions  an  hour.  Then,  over  all,  the  machine  had  been  founded 
uiDon  this  theory,  namely,  if,  for  the  work  to  be  jjerformed,  it  could 
be  made  practically  inelastic,  to  the  extent  at  least  of  ensuring  simple 
contact  and  no  moi-e,  between  the  edge  of  the  knife  and  the  surface  of 
the  cutting  plate,  then  the  durability  of  the  dies  would  be  greatly 
enhanced  over  jjrior  jiractice.  It  may  serve  to  make  clear  the  import- 
ance of  reaching  such  a  condition  by  mentioning  that  a  fault  or  si:)ring 
under  strain  of  but  .001  in.  in  one  impression  becomes  the  equivalent 
of  1  in.  in  1  000  impressions,  and  so  on.  Suffice  it  to  say,  that  the 
first  i^ress  built  from  the  drawings  not  only  met  every  condition  pre- 
dicted and  served  its  intended  purpose  thoroughly  well,  but  has  also 
since  stood  as  a  model,  both  at  home  and  abroad,  for  the  kindergarten 
l>rofessoi's  of  the  art.  The  writer  may  say  that  the  first  time  he  saw 
this  press  operating  at  actual  work,  in  a  New  York  City  factory,  it  was 
being  fed  at  2  400  impressions  an  hour,  that  is,  exactly  double  the 
speed  originally  contemplated.     The  result  of  this  insijection  was  to 
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induce  that  blessed  feeling  of  satisfaction  which  comes  to  one  when  he 
has  the  ocular  demonstration  that  his  theory  is  being  "sustained  by 
practice." 

MiSCEIiLAJNEOUS   FeATUBES,   WITH    SoSIE  EXPERIENCES   AND   OPINIONS. 

The  beds  and  frames  of  the  presses  here  illustrated  have  been  the 
subject  of  rather  protracted  study.  As  samples  of  decorative  art  work 
they  undoubtedly  are  not  entitled  to  take  high  rank,  for  each  and  every 
line  has  been  laid  subservient  to  but  one  objective — efficiency.  To  the 
writer's  mind,  a  curly-cue  line  in  the  path  of  a  strain  is  an  abomina- 
tion. And  this  reference  to  plain  lines  reminds  him  of  a  youthfu.1 
experience  when  he  was  commissioned  to  design  the  case  for  an  ex- 
ceptionally fine  watch  movement  to  be  presented  to  the  daughter  of 
the  lady  making  the  purchase.  The  specification  closed  like  this  : 
"  In  fine,  I  want  the  case  to  be  as  I  hope  the  recipient  will  become — 
the  outside  not  remarkable  except  as  it  reveals  the  goodness  within. " 
Upon  the  whole,  when  you  follow  up  the  logic  of  the  question,  should 
not  efiSciency  come  pretty  near  to  being  the  real  objective  of  the  artist 
as  well  as  of  the  engineer  ? 

As  -n-ill  doubtless  have  been  noticed,  the  plotting  of  the  rocking 
platen  motion  by  the  graphic  method  would  be,  to  say  the  least  of  it, 
troublesome  and  tedious.  The  writer  early  in  the  work  adoj^ted  the 
use  of  paper  templates,  carefully  marking  thereon,  or  perforating,  as 
the  case  might  be,  not  only  the  essential  working  centers,  but  fre- 
quently noting  arbitrary  positions.  Then,  as  the  curve  would  be  rolled, 
or  differentially  rolled  and  slipi^ed  upon  the  straight  edge  (this,  too, 
usually  being  paper  made  fast  to  the  board),  the  position  of  the  several 
centers  would  be  marked  and  given  a  corresponding  number  or  letter. 
In  this  manner  the  work  could  readily  be  proven  with  accuracy  while 
a  gi-eat  variety  of  cut-and-dry  locations  were  easily  laid  out,  and  that, 
too,  with  considerable  rapidity. 

Here  is  a  simple  rule  to  avoid  accidental  breakage  in  machinery. 
Make  it  a  hard  and  fast  practice  to  have  your  machinery  examined  at 
stated  times,  and  j^articularly  observe  that  all  stud-bolts,  screws  and 
nuts  are  tight  and  j)erforming  proper  duty.  Insist  ujjon  the  carrying 
out  of  this  simple  system,  and  you  will  find  that  those  accidents  which 
are  repoi'ted  as  if  an  effect  without  a  cause,  "broke  itself,  not  a  thing 
touched  it,"  will  cease;  for  if  it  had  been  "touched"  at  the  proper 
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time,  there  would  have  been  no  cause  for  accident.  The  economics  of 
railroading  compels  such  inspection  of  cars  and  locomotives.  Then  it 
has  been  proved,  times  over,  that  it  pays  to  keep  machinery  bright  and 
clean,  and  while  this  is  particularly  applicable  to  a  i^rinting  j)ress,  it  is 
good  practice,  now  and  then,  even  in  a  stone  crusher. 

An  elementary  word  in  regard  to  oil  may  bear  repeating  here.  The 
function  of  oil  on  machinery  is  to  prevent  the  contact  of  metallic  sur- 
faces. It  acts  like  a  system  of  rollers.  To  perform  proper  duty,  it 
should  have  sufficient  tenacity  not  to  crush;  it  should  be  sufficiently 
limpid  to  reach  the  surfaces  of  well-fitted  journals  and  yet  not  "  run 
away";  and  it  should  not  change  its  quality  by  exposure  to  the  air  or 
from  contact  with  metals.  Animal  oils  are  liable  to  corrode;  vege- 
table oils  to  "  gum  lip."  The  writer  does  not  hesitate  to  recommend 
the  modern  mineral  oils,  without  doctoring  or  compounding  in  any 
way,  as  the  best  for  regular  practice,  at  least  in  the  character  of 
machinery  herein  referred  to.  If  some  one  could  devise  a  thumb-and- 
finger  rule  for  determining  the  approximate  quality  of  oil,  and  then  pro- 
mulgate it,  there  wovild  result  at  once  a  distinct  advance  in  moral  ethics; 
for  the  patience  of  the  patriarch  of  the  land  of  Uz  would  give  out 
under  the  complaint  of  "  soft  metal  "  when  it  is  found  that  bearings 
subjected  to  tons  of  pressure  to  the  square  inch  are  being  lubricated 
with  oil  projDer  only  for  a  sewing  machine  or  a  clock. 

Respecting  the  application  of  oil,  it  is  better  practice  to  apply  fre- 
qiiently  and  sparingly  rather  than  at  long  intervals  to  flood  your  bear- 
iuo-s.  All  bearings  subject  to  heavy  strain  should  be  frequently  wiped, 
if  open,  or  washed  out  with  benzine,  if  closed,  else  the  fine  particles  of 
metal  which  become  separated,  mix  with  the  lubricant  and  thus  form 
a  grinding  paste.  And  especially  is  this  so  in  the  first  starting  up  of  a 
new  machine,  in  which  there  is  sure  to  be  a  residuum  of  fine  dust,  filings 
and  grit  that  no  amount  of  original  wiping  or  brushing  will  fully  remove. 
Now,  if  this  is  carefully  removed  as  rapidly  as  it  accumulates, 
then  the  effect  of  the  initial  wear  is  highly  beneficial,  the  bearings  soon 
taking  on  a  burnished  polish,  the  endurance  of  which  is  of  the  first 
order. 

In  all  closed  cams,  that  is,  in  which  a  closely  fitted  roller  works  in 
a  groove,  oil  should  be  sparingly  applied,  especially  so  if  the  oil  is  of 
heavy  bodv,  the  reason  for  this  being  that  the  oil  may  act  to  prevent 
the  roller  from  turning  upon  its  journal. 
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It  lias  proved  advantageous  in  our  practice  to  form  all  cam  rollers 
slightly  crowning.  In  this  way,  the  pressure  is  bound  to  be  trans- 
mitted evenly  to  the  stud  or  journal,  and  it  will  be  more  certain  to 
revolve  under  all  circumstances. 

It  is  believed  that,  wherever  practicable,  all  friction  rollers  and 
crank-j^in  bearings  and  the  like  ought  to  be  freely  fitted  sidewise,  that 
is,  having  plenty  of  end  motion,  as  under  such  conditions  there  is  less 
liability  to  cut,  or  "  ring  up,"  than  where  no  opportunity  is  given  for 
the  bearing  surfaces  to  shift  automatically.  It  is  probable  that  a  jjrin- 
cipal  reason  why  end  motion  shows  uj),  practically,  as  well  as  it  does, 
is  that  it  assists  to  distribute  the  oil  between  the  working  surfaces. 

The  query  is  often  asked  :  What  pressure  will  this  or  that  machine 
give  ?  Such  questions  cannot  be  definitely  answered,  it  is  believed,  at 
the  present  time.  Several  years  ago  the  writer  constructed  a  hydraulic 
ram  adapted  to  a  printing  press  to  be  acted  upon  by  the  platen,  its 
relation  being  50  : 1  of  a  10  000-lb.  Boiirdon  spring  gauge,  alleged  to 
have  been  carefully  constriicted  for  the  purpose,  and  intended  to  give  a 
maximum  indication  of  500  000  lbs.  But  the  shocks  soon  gave  evidence 
that  the  gauge  tube  was  playing  the  too  usual  part  of  such  instruments, 
and  this,  together  with  business  complications,  which  came  u^j  at  the 
time,  i^ut  a  stop  to  the  proposed  extended  series  of  experiments. 
Nevertheless,  enough  was  ascertained  by  the  considerable  number  of 
experiments  carried  out  to  indicate  a  "handy"  empirical  method  of 
approximating  the  measure  of  kinetic  energy,  in  terms  of  foot  pounds, 
which  the  fly  wheel  of  a  press  would  be  capable  of  exerting  upon  the 
jjlaten;  the  sole  object  of  this  being  to  form  a  premise  upon  which 
to  determine  the  dimensions  of  the  working  parts.  The  indications 
of  the  experiments  referred  to  wei'e  that  the  coefficient  of  friction, 
under  heavy  strains,  was  materially  higher  and  more  variable  than 
had  been  eijsected  ;  hence  it  appeared  that  any  expression  as  to  its 
valite,  short  of  absolute  determination,  under  actual  working  condi- 
tions, would  be  little  better  than  guesswork.  The  scheme  was  then 
adopted  to  disregard  entirely  the  consideration  of  friction  and  simply 
let  it  stand  as  the  factor  of  safety.  Briefly,  then,  the  whole  matter 
boiled  down  to  this  :  The  pressure  deliverable  at  the  jdaten  in  foot- 
pounds {F)  would  be  equal  to  half  the  weight  of  the  rim  of  the  fly 
wheel  in  pounds  {i  M)  times  the  square  of  the  velocity  (»')  in 
feet  per  second  at  the  center  of  its  gyration  divided  by  the  impression 
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movement  of  the  platen  in  parts  of  a  foot,  the  latter  most  readily  ob- 
tainable by  finding  the  versed  sine  (S)  of  the  crank  during  the  angle 

of  its  impression  action  (  -^  = ; —  )  •     Thus,   if  it  Avere  shown 

that  the  theoretical  strain  which  might  be  imposed  upon  the  connec- 
tions were  np  to  about  the  tensile  limit  of  the  material,  then  the  power 
absorbed  in  friction,  be  it  25,  35,  50^o^  (any  of  which  guesses  might  be 
good),  would  be  the  factor  on  the  side  of  safety.  The  diagram,  Fig. 
29,   is  a  reduplication  of  the  dimensions,  j^rocess  and  figures  upon 


Fig.  20 

Dimensions  are  those  of  Embossing  Press,  Fig.  19.  Exami^le  :  F  =  foot-pounds  on  con- 
necting rods.  S,  versed  sine,  =  .00275  ft.  M,  fly  wlieel,  =  250  lbs.  C,  center  of  gyration  of 
fly  wheel,  =  6.28  ft.  circumference.  V,  velocity  of  fly  wheel,  =  17.8  ft.  a  second.  Relation 
of  fly  wheel  to  crank  =  8.5:1.     Time  of  revolution  of  crank  =  3  seconds.    Cross-section  of 

connecting  rods  and  pins  =  20  sq.  ins.     (^  =  ^—s )•     Thus,  125  X  17.8=  =  1  iiO  181  ft. 

lbs.,  or  720  tons,  if  no  friction,  and  if  fly  wheel  were  brought  to  rest  during  the  10°  traverse 
of  crank.     (  =  .083  second). 

But  assume  belt  capable  of  restoring  but  half  of  full  velocity,  then -. —   =  18 

2U  84.  It. 

second  foot-tons  to  each  square  inch  of  section  ;  which  is  probably  the  greatest  maxi- 
mum load  possible  in  practice  and  with  no  deduction  yet  made  for  frioliou. 

which  the  embossing  press.  Fig.  19,  was  designed,  and  the  other  ma- 
chines herein  shown  were  also  predicated  upon  this  theory.  All  the 
writer  will  say  for  this  method  is,  that  the  presses  built  under  its  wing 
have  most  worthily  stood  up  to  their  duty.  His  judgment  is  that  it  is 
well  within  the  line  of  safety,  in  the  character  of  machines  here  shown, 
as  in  at  least  two  instances  fly  wheels  were  subsequently  increased  in 
weight  over  that  called  for  by  the  rule,  again  indicating  a  very  high 
coefficient  of  friction  under  strain.  Whether  there  is  any  novelty  in 
this  direct  transfer  from  the  rim  of  the  fly  wheel  to  the  versed  sine  of 
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the  crank,  lie  does  not  know,  nor  does  he  much  care,  as,  like  many 
such  expressions,  it  is  largely  an  intellectual  satisfaction,  liable  to.be 
jDractically  misleading.  He  hopes,  at  no  far  distant  time,  to  take  the 
subject  up  iinder  the  only  proper  method,  if  it  can  be  satisfactoiily 
worked  oiit,  as  he  confidently  believes  it  can,  namely,  to  make  the 
measurement  of  the  pressures  in  actual  iJounds  of  weight  at  the  ajjex, 
the  instant  of  greatest  effort. 

Conclusion. 

The  strongest  incentive  to  advancement  is  to  learn  of  the  achieve- 
ments made  by  others,  and  next  to  this  is  the  faith  of  those  with  whom 
you  have  to  treat;  for  it  not  only  requii'es  skill  and  exiDerienee,  but 
patience,  faith  and  money  as  well,  to  make  a  commercial  success  of 
any  machine  which  is  expensive  to  construct  as  comjjared  with  its 
comj^etitors.  Intention  is,  of  course,  a  useful  factor;  but  this  is  not 
all.  You  must  first  know  what  to  do;  next,  how  to  do  it,  and  then  do 
it.  We  should  all  bear  in  mind  that  an  incorrect  principle  will  out- 
live the  best  steel  that  was  ever  forged.  And  then,  too,  the  "little 
things  "  are  so  often  of  the  most  vital  importance,  because  far  reaching 
in  their  consequences.  It  is  the  obscure  detail,  unrecognized  or  passed 
by  as  of  no  consequence,  which  most  often  stands  as  the  dividing  line 
between  that  which  shall  be  successful  and  enduring,  or  unsuccessful 
and  short-lived.  '  It  was  the  great  anatomist,  sculptor,  architect, 
painter,  Michael  Angelo,  who  said  "  Trifles  make  perfection." 

Whatever  may  be  here  discovered  to  be  defective,  or  whatever  may 
be  regarded  as  worthy,  the  writer  is  entii-ely  resj^onsible  for;  but  that 
the  early  work  was  under  any  circumstances  possible  was  due  to  the 
loyal  good  faith  and  judgment  of  his  early  associates  and  friends  in  the 
work,  Avho  were  then  officers  in  the  Colt's  Ai-ms  Company,  namely, 
General  William  B.  Franklin,  M.  Am.  Soc.  C.  E.,  its  Yice-President 
and  General  Agent ;  Mr.  Hugh  Harbison,  its  Treasurer,  and  the  late 
Horace  Lord,  who  for  over  thirty  years  was  its  Superintendent. 

It  is  hoped  that  the  engraving  here  presented,  "The  Iron-Worker 
and  King  Solomon,"*  will  not  be  regarded  as  out  of  place,  as  it  is  in- 

*  Permission  to  make  this  reproduction,  from  one  of  the  first  artist's  proofs  of  this  cele- 
brated engraving,  was  specially  given  to  the  author  by  the  owner  of  the  copyright,  for  the 
express  purpose  of  presentation  to  the  members  of  the  Society.  It  was  at  first  intended  to 
bind  it  in  as  a  part  of  the  Transactions;  but  with  the  view  to  preserve  the  margin  better  and 
to  permit  the  use  of  heavier  paper  it  has  been  decided  to  send  it  out  as  an  insert. 
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tended  to  indicate  tlie  most  advanced  accomplisliment  in  pliotograpliic 
' '  process  "  work  and  also  in  letter-press  printing.  The  subject  is  not  only 
hai)j)ily  chosen,  we  believe,  but  every  detail,  mechanically  and  artis- 
tically, is  faultless.  Results  like  this  might  possibly  cause  an  improper 
degree  of  exultation  upon  the  part  of  the  modest  press-maker  were  it 
not  for  the  restraining  claims  of  the  ink-maker,  the  paper-maker,  the 
photographer,  the  artist  and  the  pressman,  each  and  all  of  whom  are 
entitled  to  share  in  the  credit.  Nevertheless,  may  he  not  properly  take 
unto  himself  the  claim,  that  without  the  i^rinting  j^ress  there  would  have 
been  no  Art  Preservative  of  Arts;  nay,  more,  that  without  the  en- 
gineer there  would  have  been  no  printing  machine?  Verily,  we  have 
eminent  authority  for  this  assumption,  for  the  wisest  man,  when  time 
was  young,  proclaimed  it  in  express  words:  "  Ho,  there,"  commanded 
Solomon,  "make  place  at  my  right  hand;  the  claim  is  justly  made; 
but  for  the  iron-worker  (the  engineer)  I  would  have  had  no  temple!" 
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In  a  paper  published  in  Transaciions  for  September,  1892,  Vol. 
XXVn,  pages  331-349,  tlie  soft-veined  roofing  slates  of  Northampton 
County,  Pa.,  were  described,  and  results  of  tests  of  strength  and 
weathering  qualities  were  presented.  Similar  tests  of  other  varieties 
of  slate,  and  also  a  series  of  comparative  impact  experiments,  having 
since  been  made,  the  following  additional  notes  are  given  as  a  con- 
tinuation of  the  discussion  of  the  subject. 

The  increasing  growth  of  the  slate  industry  in  the  United  States  is 
shown  by  the  following  figures  taken  from  the  census  reports  : 

In  1880.  In  1890. 

Number  of  quarries 94  206 

Capital  invested ^3  328  150  ^10  042  293 

Squares  of  roofing  slate  produced. .  457  267  828  990 

Value  of  all  slate  produced !gl  529  985  «3  444  863 

The  distribution  of  the  industry  among  the  different  States  in  1890 
is  thus  indicated  :  The  value  of  all  slate  produced  in  Pennsylvania  was 
§2  Oil  776;  in  Vermont,  .'ir838  013;  in  Maine,  iB214  000;  in  New  York, 
^130  603;  in   Maryland,    SllO  008;   in  Virginia,   $85  079;   in   Georgia, 
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^15  330;  in  Michigan,  $15  000;  in  California,  $13  889;  in  New  Jersey, 
$10  985  ;  in  Ai-kansas,  $240  ;— total,  $3  444  863. 

A  more  natural  classification  is  that  by  regions,  in  each  of  which  a 
quality  of  slate,  more  or  less  distinctive,  is  found.  The  region  fur- 
nishing the  most  slate  is  that  in  Rutland  County,  Vt. ,  and  Washington 
County,  N.  Y. ,  the  product  of  which  is  largely  purple,  green  and  red 
slates.  The  other  regions  produce  bluish  black  slates  almost  entirely. 
The  following  shows  the  number  of  quarries  and  the  value  of  the 
product  in  each  region  in  1890. 

Quarries.        Product. 

Vermont  and  New  York  region  76  $968  616 

Bangor  region,  Pennsylvania 20  707  162 

Lehigh  region,  Pennsylvania 45  690  432 

Pen  Argyle  region,  Pennsylvania   17  393  030 

Maine  region 4  214  000 

Northampton  hard-vein  region,  Pennsylvania 18  184  595 

Peach  Bottom  region,  Maryland  and  Pennsylvania .  9  146  565 

Virginia  region 3  85  079 

Other  regions  (Arkansas,  California,  Michigan,  New 

Jersey,  Georgia) 14  55  384 

206      $3  444  863 

The  physical  and  chemical  properties  of  the  slates  of  the  Bangor 
and  Pen  Argyle  regions  are  described  in  the  paper  of  1892.  These, 
together  with  the  Lehigh  and  the  Northampton,  hard-veined  slates, 
are  found  in  the  extensive  slate  formation  known  as  the  Hudson  River 
division  of  the  lower  Silurian  deposits,  which  extends  from  New  Jersey 
to  Georgia  along  the  southwestern  slope  of  the  Blue  Mountains.  The 
slate  formations  of  Vermont  and  New  Y^ork,  of  Maine,  and  of  the 
Peach  Bottom  region,  however,  j^robably "belong  to  the  Cambrian  di- 
vision of  the  Archean  or  Azoic  deposits,  whose  place  in  the  geological 
series  is  lower  and  older  than  the  Silurian  rocks. 

Vermont  and  New  Voi'k  Region. — This  region  is  about  40  miles  long, 
extending  from  Castleton,  Vt.,  to  Salem,  N.  Y.,  with  an  average  width 
of  about  1^  miles.  Red  slate  is  produced  in  Washington  County,  N.  Y. , 
and  purjjle,  green  and  bluish  black  varieties  throughout  the  entire 
region,  which  are  used,  not  only  for  roofing,  but  also  for  mantels  and 
other  ornamental  purposes.     In  Van  N'ostt-and's  Magazine  for  August, 
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1884,  are  given  the  records  of  compressive  and  flexiiral  tests  made  by 
J.  Francis  Williams,  C.  E.,  on  blocks  1  in.  in  section.  Wood  and 
pasteboard  cushions  were  placed  between  the  bearing  surfaces  in  some 
tests,  the  compressive  strength  being  found  greater  than  when  no  cush- 
ions were  used.  The  mean  results  of  these  experiments  are  as  follows, 
all  values  being  given  in  pounds  per  square  inch.  The  modulus  of 
rupture  is  the  mean  comx^uted  from  the  breaking  loads  given  for  two 
different  spans. 

Purple.  Ret).  Green. 

Compressive  strength,  wood  cushions 19  380  14  170  13  140 

Comjjressive  strength,  pasteboard  cushions.  24  760  18  110  17  560 

Compressive  strength,  no  cushions 13  860  10  190  8  040 

Elastic  limit,  no  cushions 10  260  4  850  5  150 

Modulus  of  rupture 10  800  7  310  8  840 

Some  impact  and  acid  tests  on  the  red  slate  of  this  region  are 
described  later  in  this  paper. 

Peach  Bottom  Region. — Of  the  nine  quarries  in  this  region,  five  are 
in  Harford  County,  Md.,  and  four  in  York  County,  Pa.  The  belt  is 
about  8  miles  in  length,  and  its  workable  width  about  i  mile  ;  about  2 
miles  of  this  length  are  in  Lancaster  Cotinty,  Pa. ,  where,  however,  no 
quarries  are  now  worked.  The  rough  geological  section  in  Fig.  1 
shows  the  rock  formations  for  about  50  miles  in  length  parallel  to  the 


FJg.J. 

Susquehanna  River,  from  the  Maryland  line  to  the  Blue  Mountains, 
north  of  Harrisburg:  At  A  are  the  Hudson  River  slate  deposits,  which, 
however,  have  no  quarries  in  this  vicinity,  and  the  Silurian  limestone 
is  found  on  both  sides  of  the  South  Mountain.  The  Cambrian  gneiss 
and  chlorites  occur  further  south,  and  at  P  is  seen  the  narrow  and 
almost  vertical  vein  of  Peach  Bottom  slates,  in  the  hills  known  as  Slate 
Ridge. 

On  the  west  side  of  the  Susquehanna,  about  5  miles  from  the  river, 
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the  slate  oiitcroj)s  on  the  surface.  A  little  was  quarried  about  the  year 
1800,  and  a  stone  church  near  Delta,  Pa. ,  was  roofed  with  it  in  1805, 
the  slate  remaining  on  the  roof  until  1893,  when  the  church  was  pulled 
down,  and  the  slate  was  sold  for  use  on  other  buildings.  The  quarries 
now  worked  have  been  opened  and  developed  since  1850  ;  they  are  all 
open  vertical  pits,  of  various  depths  between  100  and  200  ft.  The  vein 
of  workable  slate  is  about  250  ft.  wide  at  the  eastern  end,  and  nearly 
I  mile  wide  at  the  western  end,  the  length  being  3  or  4  miles. 

The  cleavage  of  these  slates  is  nearly|vertical  and  almost ]|coincident 
with  the  dip,  it  being  also  parallel  to  the  planes  of  stratification.  The 
beds  of  clay  were  therefore  subject  to  pressure  normal  to  the  planes  of 
stratification,  and  the  whole  mass  was  turned  jinto  a  vertical  position 
by  some  violent  upheaval  in  eai'ly  geologic  time.  Hence  ribbons  do  not 
occur  in  the  slate  of  this  region.  : 

The  methods  of  quarrying,  sjjlitting  and  dressing  these  slates  are,  in 
general,  similar  to  those  employed  in  the  Northampton  region.  Quar- 
rying is  often  interrupted  by  the  inflow  of  water  after  rains.  On  Plate 
LXXVI  is  shown  an  abandoned  quarry,  in  which  on  both  sides  are  seen 
the  so-called  "joints,"  or  splits  in  the  rock.  The  joints  are  normal  to 
the  vertical  cleavage  and  dij),  while  the  "grain  "  of  the  slate  is  approxi- 
mately at  right  angles  to  them.  It  appears  as  if  the  pressure  from 
powerful  horizontal  forces  upon  the  vertical  vein  of  slate  had  caused  ten- 
sile and  compressive  forces  in  inclined  directions,  the  former  resulting 
in  the  formation  of  joints,  while  the  latter  caused  the  grain.  In  quar- 
rying, horizontal  holes  are  drilled  normal  to  the  cleavage  and  in  a  row 
l^arallel  to  a  joint,  so  as  to  detach  a  large  block,  perhaps  15  ft.  long,  8 
ft.  wide  and  4  ft.  thick,  which  is  split  into  several  smaller  ones  before 
being  hoisted  to  the  surface.  In  splitting  and  dressing  the  roofing 
slate,  it  is  always  done  so  that  the  grain  runs  parallel  to  the  longer  side 
of  the  rectangle.  This  grain,  although  -never  so  marked  as  that  in 
timber,  has  a  similar  effect  upon  the  strength  in  difi'erent  directions,  a 
piece  of  roofing  slate  being,  for  example,  far  more  liable  to  crack 
lengthwise  than  transversely. 

The  compressive  strength  of  Peach  Bottom  slate,  as  determined  in 
1893  by  Prof.  Louis  E.  Eeber,  of  State  College,  Pa. ,  from  tests  of  3-in. 
cubes,  is  5  360  lbs.  per  square  inch  when  the  pressure  is  applied  par- 
allel to  the  cleavage,  and  10  530  lbs.  per  square  inch  when  the  pressure 
is  applied  perpendicular  to  the  cleavage. 
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Dxiring  the  present  year  the  -writer  lias  made  tests  for  strength, 
toughness,  density,  softness,  porosity  and  corrodibility  on  twelve 
specimens  of  Peach  Bottom  slate,  following  the  same  methods  as 
described  in  the  former  jiaijer  for  the  old  Bangor  and  Albion  slates. 
The  specimens  were  12  x  24  ins.  in  size,  varying  in  thickness  from  0.21 
to  0.29  in.  For  the  test  of  strength  they  were  laid  on  supports  22  ins. 
apart  and  broken  by  a  load  slowly  applied  at  the  middle.  The  modulus 
of  mixture  for  each  case  was  then  compiited  from  the  formula — 
3  X  breaking  load  X  length 
~  2  X  width  X  square  of  thickness. 

For  instance,  the  specimen  marked  Q^  was  12.04  ins.  wide,  22  ins. 
between  supports,  0.26  in.  thick,  and  it  broke  under  a  load  of  283^  lbs. ; 
hence  its  modulus  of  rupture  is  II  490  lbs.  per  square  inch.  The  de- 
flection, measured  at  the  moment  of  rupture,  was  also  noted  as  an  index 
of  toughness. 

The  density  of  the  specimens  was  determined  by  finding  the  specific 
gravity  of  each.  The  degree  of  softness  was  found  by  the  weight 
abraded  by  50  tui'ns  of  a  small  grindstone  under  a  constant  pressure  of 
10  lbs.  The  porosity  was  determined  by  finding  the  percentage  of 
water  absorbed  in  24  hours,  after  being  dried  for  the  same  length  of 
time  at  a  temjjerature  of  135^  Fahr.  The  test  for  corrodibility  was  the 
j)ercentage  of  loss  in  weight  after  immersion  for  63  hours  in  a  solution 
consisting  of  98  parts  by  weight  of  water,  1  part  of  hydrochloric,  and  1 
part  of  sulphuric,  acid. 

The  color  of  the  slate  was  a  dark  bluish  gray,  or  bluish  black,  and 
the  texture  of  the  surface  was  slightly  scaly  and  soapy,  being  less 
smooth  than  the  Xorthamjiton  varieties.  When  ruptured  by  flexure, 
the  specimens  broke  square  across  the  grain  without  splitting  or  lam- 
ination. The  tests  for  density,  softness,  porosity  and  corrodibility 
were  made  on  pieces  of  the  ruptured  sjjecimens. 

The  table  on  page  534  gives  the  results  of  all  the  tests  for  each  of  the 
12  specimens  and  also  the  mean  values. 

An  examination  of  these  results  tends  to  confirm  the  conclusions 
announced  in  the  previous  jjaper  that  in  general  the  strongest  speci- 
mens are  the  heaviest  and  softest,  as  also  the  least  porous  and  corrodi- 
ble,  although  exceptions  occur  in  the  case  of  Q-  and  P^,  and  the  Q 
specimens  seem  more  corrodible  than  the  P's,  although  greater  in 
strength.     The  tests  for  strength  and  corrodibility  are  probably  those 
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Mare 

OF 

Specimen. 

Strength. 

Toughness. 

Density. 

Softness. 

POBOSITT. 

COBEODIBILIIY. 

Modulus 

of  rupture 

in  pounds 

per    square 

inch. 

Ultimate 
deflection  in 

inches  on 
supports  22 

ins.  apart. 

Specific 
gravity. 

Grains 

abraded    by 

50  turns 

of  a  small 

grindstone. 

Percent. 

of    water 

absorbed  in 

24  hours 

Percent,  of 
weight    lost    in 

63  hours  in 
acid  solution. 

S:::::.:::: 

0 

11  490 

12  585 
8  400 

13  430 
8  .320 

12  010 

14  210 

13  060 

0.32 
0.30 
0.30 
0.32 
0.28 
0.32 

6.34 
0.24 
0.20 
0.34 
0.26 

2.886 
2.907 
2.900 
2.893 
2.900 
2.918 
2.890 
2.902 
2.912 
2.885 
2.858 
2.873 

69 
115 
110 
177 

0.265 
0.197 
0.304 
0.228 

0.247 
0.197 
0.291 
0.194 
0.237 
0.200 
0.341 
0.240 
0.150 
0.226 
0.161 

0„ 

67                0.209 
111                 0.278 
67                 0.261 
69                 0.171 
53         1         0.143 
87        '        0.216 
80         1         0.155 

«: :::: 

Qg 

JH^ 

10  520 
9  360 

10  470 

11  255 

P 

p: 

p^ 

Means. ... 

11  2G0 

0.293 

2.894 

90 

0.224 

0.226 

of  greatest  imiaortance  in  forming  an  opinion  regarding  tlie  value  of  the 
slate  under  actual  conditions  of  service.  The  test  for  softness,  although 
a  good  one  for  a  single  lot  of  specimens,  may  not  serve  to  fairly  com- 
pare lots  tested  at  diflferent  times  on  account  of  the  varying  condition 
of  the  grindstone. 

The  chemical  composition  of  the  Peach  Bottom  slates  is  shown  by 
the  following  analyses,  one  made  by  the  Geological  Survey  of  Pennsyl- 
vania in  1877,  and  the  other  by  Booth,  Garrett  &  Blair,  of  Philadelphia, 
in  1885: 


Geological  Survey. 

Silicic  acid  (SiO.) 55 .880 

Alumina  (A1,0,.,)    21 .849 

Ferrous  oxide  (FeO) 9 .  034 

Water  (H.O) 3 .  385 

Potash    (K^O)     and     soda 

(Na.O) 4.100 

Carbon  ( C) 1 .  974 

Magnesia  ( MgO)   1 .  495 

Lime  (CaO) 0.155 

Sulphuric  oxide  (SO3) 0 .  022 

Titanic  acid  (TiO.,) 1 .  270 

Manganous  oxide  (MnO) . .  0 .  586 

Iron  bisulphide  (FeS.) ....  0 .  051 

Cobaltus  oxide  (CoO) trace 

99.801 


Booth,  Garrett  k  Blair. 

Silica 58.370 

Alumina 21.985 

Protoxide  of  iron 10 .  661 

Water 4.030 

Alkali 1.933 

Carbon 0.930 

Magnesia 1 .  203 

Lime 0 .  300 

Sulphur 0 .  107 

Titanic  acid traces 

Oxide  of  manganese traces 

Carbonic  acid 0 .  390 


99.909 
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Booth,  Garrett 

&  Blair. 

Mean. 

91.016 

88.889 

0.107 

0.073 

3.066 

3  192 

The  valuable  eoustitiients  in  slate  are  the  silicates  of  iron  and 
alumina,  while  the  injurious  constituents  are  sulphur  and  the  carbon- 
ates  of  lime   and   magnesia.     The   percentages   of  these  in   the  two 

analyses  are  as  follows : 

Geological 
Survey. 

Silicates  of  iron  and  alumina 86.763 

Sulphur 0 .039 

Carbonates  of  lime  and  magnesia ...       3 .  319 

The  slates  of  the  Cambrian  formation  are  usually  regarded  as  better 
in  respect  to  strength  and  Tveathering  qualities  than  those  of  the  Silu- 
rian age,  the  market  price  of  some  varieties  of  the  former  being, 
indeed,  more  than  double  that  of  the  common  kinds  of  the  latter.  The 
^sorthampton  slates  investigated  in  the  former  jiaper  take  a  high  rank 
among  the  Silurian  kinds,  while  the  Peach  Bottom  specimens  may  be 
regarded  as  a  good  representation  of  the  dark-blue  Cambrian  varieties. 
The  follo"nT.ng  tabulation,  giving  the  mean  results  of  the  series  of  tests 
of  both,  may  hence  be  taken  as  the  best  comjDarison  possible  at  present 
of  the  average  physical  jDroperties  and  chemical  composition  of  the 
Silurian  and  Cambrian  dark-colored  slates  of  Pennsvlvania. 


Pbopebtt, 


Me&subed  by- 


Strength  . .. 
Tougliness,, 


Density  . 
Softness. 
Porosity. 
Corrodibility.. 
Valuable 
Constituents. 
Injurious  ) 

Constituents.. ) 


Modulus  of  rupture,  in  pounds  per  square  inch 

Ultimate  deflection,  in   inches,   on   supports  22  ins. 

apart 

Specific  gravity • 

Grains  abraded  on  grindstone  under  stated  conditione 

Percent,  of  water  absorbed  in  24  hours 

Percent,  of  weight  lost  in  acid  solution  in  63  hours. . 

I     I  Silicates  of  iron  and  aluminum,  percent 


I  Sulphur,  percent. 

I  Carbonates  of  lime  and  magnesia,  percent. 


SiLrBIAN. 


8  480 

0.291 
2.777 
104 
0.191 
0.496 

81.88 

0.58 
12.59 


11  260 

0.293 
2.894 
90 
0.224 
0.226 


0.07 
3.19 


With  respect  to  the  relative  value  of  ishysical  tests  and  chemical 
analyses,  it  may  be  said  that  while  the  latter  are  valuable,  the  former 
can  alone  be  regarded  as  giving  authoritative  information  as  to  the 
wear  of  slate  under  actual  conditions.  The  strength  and  weathering 
qualities  of  slate  or  stone  dej^end,  not  merely  upon  its  chemical  constit- 
uents, but  on  the  manner  in  which  the  grains  are  cemented  together. 
For  the  determination  of  this  a  microscopic  inspection  is  necessary, 
and  in  the  absence  of  such  the  physical  tests  seem  to  carry  far  greater 
weight  than  the  chemical  anal vses. 
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Impact  and  Acid  Tests. — While  the  ijreceding  methods  of  testing 
are  readily  carried  on  in  the  laboratory,  they  are  not  easily  made 
under  conditions  of  actual  practice  on  account  of  the  absence  of  pre- 
cise weighing  api^aratus,  and  the  lack  of  time  and  skill.  It  seems 
desirable  that  a  test  for  slate  should  be  devised  which  can  be  quickly 
applied  by  an  architect  or  builder,  and  be  used  with  confidence.  An 
impact  test,  made  by  simply  dropping  a  ball,  ajDi^eared  one  likely  to 
yield  good  results,  and  accordingly  a  series  of  exi^eriments  has  been 
carried  on  to  determine  what  can  be  done  in  this  direction.  In  con- 
nection with  these,  a  series  of  severe  acid  tests  has  been  made  on  the 
same  specimens. 

Seven  varieties  of  slate  were  used  in  these  experiments.  Four, 
designated  hereafter  by  the  letters  C,  D,  E  and  F,  were  Silurian  slates 
of  Pennsylvania.  Three  were  Cambrian  slates,  P  and  Q  being  Peach 
Bottom  specimens,  and  V  being  a  red  slate  from  the  New  York  and 
Vermont  region. 

The  pieces  of  slate  used  in  the  impact  test  were  6  x  7j  ins.  Each 
piece  was  placed  with  the  ends  loosely  clamped  in  grooved  supports, 
so  that  it  was  approximately  in  the  condition  of  a  beam  with  fixed 
ends,  the  length  between  edges  of  supports  being  about  7^  ins.  and 
the  width  6  ins.  A  wooden  ball  weighing  15.7  oz.  was  dropped  ujion 
the  middle  of  the  slate  from  a  height  of  9  ins.,  and  the  number  of 
blows  required  to  produce  rupture  was  noted.  The  number  of  foot- 
pounds of  work  per  jjound  of  slate,  expended  in  causing  rupture,  is  a 
measure  of  the  ultimate  resilience  of  the  material  or  of  its  capacity  to 
resist  shock,  and  thus  is  an  index,  both  of  its  strength  and  toughness. 
Five  specimens  of  each  kind  of  slate  were  thus  tested,  and  the  table 
on  page  537  gives  the  individiial  results  and  means. 

The  acid  tests  were  jjurposely  made  severe  in  order  to  obtain,  if 
jjossible,  a  better  idea  of  the  resistance  to  corrosion  than  is  given  by 
the  previous  tests  of  63  hours.  Seven  jars  containing  a  solution  of 
1  part  of  hydrochloric  acid,  1  part  of  sulphuric  acid,  and  98  parts 
of  water,  by  weight,  were  pre^jared,  and,  in  each,  two  specimens  of  each 
variety  of  slate  were  immersed  for  120  hours,  or  five  days,  the  solution 
being  well  stirred  once  a  day.  The  sjiecimens  were  then  taken  out, 
dried  for  40  hours,  weighed,  and  the  loss  of  original  weight  determined. 
The  solution  was  next  strengthened  by  adding  the  same  amount  of  the 
two  acids,  and  the  specimens  were  replaced  for  another  120  hours,  after 
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SiLUBiAN  Slates. 

Cambkian  Slates. 

M    •     =- 
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6 
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P, 
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9 

6.13 
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0.19 

12.9 

4 

3.65 

P, 

0.26 

17.2 

15 

10.29 

cl 

0.22 

13.8 

5 

4.27 

P3 

0.31 

20.4 

55 

31.74 

c^ 

0.20 

12.8 

7 

6.62 

pI 

0.28 

18.4 

52 

33.35 

C5 

0.23 

15  6 

10 

7.56 

pp^ ... 

0.29     1     20.4 

68 

39.33 

Means  . . . 

0.21 

13.8 

6.4 

5.44 

Means.. 

0.28 

18.7 

39.8 

24.17 

i>, 

0.19 

13.0 

5 

4.53 

e. 

0.26 

17.2 

11 

7.54 

I>1 

0.22 

14.5 

7 

5.69 

« 

0.27 

17.8 

20 

13.25 

X>! 

0.19 

12.4 

3 

2.85 

qI 

0.29 

19.3 

17 

10.39 

i>3 

0.22 

14.8 

7 

5.58 

Q, 
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6 
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6 
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4 
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0.22 

14.5 
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which  they  were  dried  and  weighed  again.  The  solution  was  again 
strengthened  bv  the  addition  of  the  same  amounts  of  acid,  and  the 
specimens  were  immersed  for  120  hours,  after  which  they  were  dried 
and  weighed  as  before.  The  specimens  used  for  this  purpose  weighed 
about  1 1  ozs.  each,  and  the  scales  were  sufficiently  delicate  to  detect 
J  grain.  With  two  exceptions,  they  were  parts  of  the  pieces  which 
had  previously  been  broken  in  the  impact  tests. 

In  the  following  table  the  jjercentages  of  loss  of  original  weight  at 
the  end  of  the  three  periods  are  given,  the  specimens  being  arranged 
in  order  of  corrodibility,  ami  also  in  the  last  columns  the  mean  foot- 
pounds of  work  jjer  jioiind  of  slate  required  to  cause  rujoture  by  imjiact, 
and  the  mean  specific  gravities.     These  figures  show  that  the  specific 
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gravity  is  not  a  good  index  of  coiTodibility,  bnt  they  plainly  indicate 
that  the  least  corrodible  slate  offers  the  greatest  resistance  to  impact, 
although  there  are  slight  exceptions  in  the  case  of  D  and  E.  The  dia- 
gram in  Fig.  2,  where  the  work  of  resilience  is  plotted  as  an  ordinate 
and  the  mean  loss  of  weight  as  an  abscissa,  shows  this  clearly  to  the 


Peecentages  of  Loss  0?  Weight. 

Foot-pounds 
of  work  per 
pound      of 
slate. 

Specific 
gravity. 

Specimens. 

After  120 
hours. 

After  240 
hours. 

After  360 
hours. 

/)„  

1.06 
1.22 

1.94 
1.94 

2.74 
2.79 

4.6 
3.5 
3.7 
5.4 

8.5 

24.2 

126.7 

Z»„ 

Mean 

F, 

1.14 

1.08 
1.43 

1.94 

1.60 
2.47 

2.76 

2.18 
2.98 

2.77 

F^ 

1.25 

0.82 
0.88 

2.03 

1.36 

1.48 

2.58 

1.82 
2.09 

2.77 

E,^ 

£,„ 

0  85 

1  42 

1.95 

1.70 
1.66 

2.78 

C, 

0.64 
0.54 

1.28 
1.10 

C5 

Mean 

0.59        '        1.19 

0  45                0.90 
0.40                U.99 

1.68 

1.27 
1.32 

2  78 

«3 

^5 

Mean, 

1 
0.42         i         0.94 

0.32        \        0.81 
0.28                 0.93 

1.29 

1.12 
1.10 

2  90 

P, 

i\ :::::::::;::;: 

Mean, 

0  30        '        n  R7 

1.11 

0.34 
0.17 

2  89 

V. 

0.00 
0.00 

0.17 
0.09 

r^ 

Mean 

0.00 

0.13 

0.25 

2.81 

eye  for  each  of  the  periods  of  immersion.  With  regard  to  the  pro- 
gress of  the  corrosion  with  time  it  appears  that  the  two  are  approxi- 
mately projjortional.  A  marked  change  in  color  of  the  Silurian  speci- 
mens was  noted,  the  dark  blue  becoming  a  grayish  white  after  the  last 
immersion,   while  but  a  slight  change  appeared  in   Q,  and  P  and   V 
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remained  almost  tmaffectecl.     Change  in  color  is  thus  a  direct  index  of 
corrodibility,  both  being  due  to  the  same  cause. 

As  the  result  of  the  investigations  thus  far  made,  it  may  be  con- 
cluded that  the  tests  for  density  and  softness,  although  of  importance 
for  slates  of  the  same  locality,  are  not  good  indications  of  the  strength 
and  weathering  qualities  of  those  of  different  regions  ;  that  the  tests  for 
jjorosity,  corrodibility  and  flexural  strength  give  good  indications  of 


O*  0.6  0.8  lO  IZ  I.4-  IS  18  ZjO 

Hncenlaoe   of  i.osj   of  WehhT  in  ^cid    Solution 


Fig.  2. 


these  properties  ;  that  the  results  found  for  strength  and  corrodibility 
when  mentally  combined  give  on  the  whole  an  excellent  idea  of  the 
value  of  the  slate ;  and  that  an  impact  test  with  a  wooden  ball 
shows  both  strength  and  toughness,  while  it  at  the  same  time  indi- 
cates the  cai^acity  for  resistance  to  corrosion.  The  impact  test  may 
be  therefore  recommended,  if  only  a  single  test  is  to  be  used,  as  one 
that  can  be  quickly  and  cheaply  made  and  one  likely  to  give  reliable 
information  of  the  comparative  value  of  different  kinds  of  slate. 
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CORRESPONDENCE. 


Geokge  p.  Mekkilij,  Esq.,*  writes  that  he  notes  with  great  pleasure 
the  fact  that  Prof.  Merriman  has  been  enabled  to  continue  the  good 
work  begiin  two  years  ago,  and  to  which  reference  has  already  been 
made.  For  some  years  past  he  has  been  isrevented  from  doing  any 
original  work  bearing  ujjon  the  subject,  but  he  has  nevertheless  re- 
tained sufficient  interest  in  the  matter  to  ajipreciate  the  work  of  others. 
In  the  two  jiapers  which  Prof.  Merriman  has  now  given  the  Society, 
the  subject  has  been  gone  over  so  thoroughly  as  to  leave  but  little  to 
be  said  which  will  bear  directly  upon  the  matter,  and  he  may,  there- 
fore, perhaps  be  excused  in  making  a  slight  digression. 

The  ordinary  roofing  slates  occupy  a  very  interesting  position  in 
the  lithologic  series.  Thrown  down  originally  in  the  form  of  fine  silt 
on  a  sea  bottom,  they  owe  their  fissile  character,  not  to  sedimenta- 
tion, but  to  compressive  and  shearing  forces  as  manifested  in  the  fold- 
ings incident  to  the  formation  of  mountain  chains.  The  cleavage 
property  is  therefore  in  no  way  dependent  uj)on  the  original  bedding. 
The  slates  of  northeastern  New  York,  as  it  happens,  do  cleave  very 
nearly  parallel  to  this  bedding  ;  those  in  Northampton  County,  Pa., 
on  the  other  hand,  as  found  in  various  quarries,  or  at  times  in 
the  same  quarry,  cleave  at  all  angles  with  the  bedding.  Now  this 
process  of  shearing,  while  developing  the  cleavage,  has  also  brought 
about  other  structural  modifications  in  the  slate,  which,  while  not  so 
readily  manifest,  are  nevertheless  of  great  importance.  If  we  examine 
these  slates  in  thin  sections  under  the  microscojje,  we  find  that  in 
nearly  every  case  the  individual  particles  of  quartz,  feldspar,  clayey 
matter,  etc. ,  of  Avhich  they  are  made  up,  are  more  or  less  elongated, 
and  arranged  with  their  longer  axes  parallel  with  the  plane  of  cleavage. 
In  fact,  it  is  this  parallel  arrangement  of  the  particles  that  permits  the 
sei)aration  of  the  slate  into  thin  sheets  with  smooth  surfaces.  This 
arrangement  of  the  constituent  particles  we  have  reason  for  believing 
was  brought  about  by  the  shearing  forces  above  alluded  to.  But  this 
is  not  all.  Pressure  generates  heat,  and  all  rocks  lying  in  the  ground 
contain  more  or  less  moisture.  It  is  not  surprising  therefore,  that 
other  changes  than  those  of  structure  have  been  produced,  particular- 
ly in  the  older  slates,  and  those  where  dynamic  agencies  have  been 
most  active.  In  fact,  a  process  of  recrystallization  is  established,  and 
new  minerals  formed,  though  it  may  be  in  sizes  that  are  extremely 
minute.  Not  to  go  too  much  into  detail,  it  can  be  said,  that  in  short, 
the   clay   slates   pass   by  imperceptible   gradations    into    crystalline 
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schists,  and,  further,  that  so  far  as  the  writer's  present  experience  goes, 
the  more  crystalline  the  rock  is,  other  things  being  equal,  the  tougher, 
less  absorjDtive  and  more  durable  it  is.  This  is  well  exemplified  in  the 
Peach  Bottom  slates  refen-ed  to  in  Prof.  Merriman's  paper.  These 
are  among  the  most  highly  metamorphosed  of  any  of  the  fissile 
argillites  that  are  used  for  roofing  purposes.  The  microscope  shows 
in  them  incipient  crystallizations  of  chiastolite  and  other  aluminous 
silicates,  which  tend  to  give  them  strength  and  elasticity.  Unfor- 
tunately this  crystallization  seems  to  a  certain  extent  to  interfere  with 
the  fissile  property,  slates  of  this  nature  yielding  thicker  slabs  and 
with  less  even  surfaces.  Such,  while  more  desirable,  demand,  on  ac- 
count of  their  greater  weight,  additional  strength  in  roofing  timbers. 
In  the  few  cases  in  which  the  writer  has  been  called  upon  to  decide  as 
to  slates  for  roofs  of  public  buildings,  his  decision  has  been  invariably 
based  upon  amount  of  crystallization  as  shown  hj  the  microscope,  and 
the  presence  or  absence  of  free  carbonates  of  lime  and  magnesia,  sul- 
phides of  iron,  or  of  carbonaceous  matter.  The  "  acid  tests  "  made  by 
Prof.  Merriman  serve  well  to  show  the  presence  of  the  free  carbonates, 
the  slates  becoming  brittle  because  these  soluble  constituents  were 
removed.  The  presence  of  iron  pyi'ites  is  indicated  by  the  sulphur  in 
the  analyses,  though  it  is  possible  that  a  portion  of  it  may  exist  in 
other  combinations.  For  this  reason  it  would  seem  that  the  table 
given  (page  535)  is  a  trifle  misleading,  a  portion  of  the  iron  there  tabu- 
lated as  a  silicate  probably  existing  as  a  sulphide. 

In  conclusion  the  writer  says  that  he  regards  these  tests  as  of  very 
great  importance,  and  congratulates  Prof.  Merriman  on  having  discov- 
ered so  simj^le  a  test  as  that  of  impact  with  a  wooden  ball,  which 
apparently  promises  so  much. 

F.  -Lynwood  Gabrison,  Assoc.  M.  Am.  Soc.  C.  E.,  notices  but  one 
point  to  criticise  in  Prof.  Merriman's  excellent  paper,  and  that  is  in 
regard  to  his  corrosion  tests.  They  seem  to  be  unduly  severe,  and  hardly 
to  give  a  fair  indication  of  the  practical  durability  of  roofing  slate  under 
ordinary  circumstances.  Although  the  atmosphere  of  large  cities  con- 
tains very  small  but  variable  quantities  of  certain  gases,  such  as 
carbonic  acid,  sialjjhuric  anhydride  and  some  free  chlorine,  their  corro- 
sive action  upon  slate  roofs,  even  under  the  most  favorable  circum- 
stances, is,  in  the  writer's  judgment,  extremely  slight.  The  action  of 
frost  in  breaking  up  and  disintegrating  the  laminte  of  the  slate  must  be 
much  more  destructive  in  this  irregular  and  variable  climate.  It 
would  seem,  therefore,  that  a  freezing  test  would  have  much  practical 
value,  although  such  experiments  are  by  no  means  easy  or  convenient 
to  make.  The  practice  of  an  impact  test  by  means  of  dropping  a  ball 
from  a  fixed  height  upon  the  slate  seems  a  good  idea,  possessing  the 
advantage  of  being  easily  and  quickly  applied.  It  would  seem,  more- 
over, that  such  a  simple  test  would  be  all  required,  since  a  fair  idea  of 


542 


CORRESPOIirDENCE   ON   ROOFING   SLATES. 


the  strength,  toughness  and  caiJacity  to  resist  shock  are  aboiit  the 
only  essential  factors  to  be  determined  in  selecting  a  slate  for  ordinary 
roofing  purijoses. 

E.  H.  S.  Bailey,  Esq. ,  -writes  that  some  months  ago  Prof.  Merriman 
asked  him  in  reference  to  the  analyses  of  the  samples  of  slate  that  he 
made  in  Lehigh  University  several  years  ago.  He  does  not  think  that 
he  published  the  analyses,  except  in  a  popular  article.  He  has  looked 
them  up  and  gives  them  herewith  : 


Index  of 
Porosity. 

Sulphur. 

COj 

CaCOj. 

Specific 
Gravity. 

O.U 
0.11 
0.21 
0.14 
0.25 

.88 

.98 

.075 

1.29 

1.52 

3.40 
2.83 
5.42 
2.72 
2.82 

7.73 
6.43 
12.32 
6.18 
6.41 

2.79 

Chapman's  Mixed 

2.79 
2.81 

2.78 

2.80 

In  these  analyses  the  porosity  is  determined  by  finding  how  much 
water  the  slate  will  absorb  in  a  given  time.  The  sulphur  represents  all 
the  sulphur,  both  that  as  sulphides  and  as  sulphates  ;  the  calcium  car- 
bonate is  calculated  from  the  carbonic  anhydride,  and  the  specific 
gravity  is  determined  with  considerable  care  on  a  specimen  several 
grams  in  weight.  In  the  expression,  "Chapman's  Mixed,"  a  sample 
made  up  of  specimens  from  different  parts  of  the  quarry  is  referred  to 
so  as  to  represent  the  whole  fairly.  The  "  Chapman  "  was  simply  one 
average  sample. 

The  amount  of  calcium  carbonate  stated  in  the  paper  is  smaller 
than  the  writer  reported.  In  his  results  the  calcium  carbonate  was 
calculated  from  the  carbonic  acid,  which  was  determined. 

Mansfield  Meekiman,  M.  Am.  Soc.  C.  E. ,  in  closing  the  discussion, 
says  that  he  agrees  with  Mr.  Merrill  as  to  the  great  value  of  micro 
scopic  examinations  of  slates  and  stones.  Chemical  analyses  usuallj 
give  little  information  as  to  the  actual  lithological  composition  of  rocks, 
and  it  is  apparent  that  the  manner  in  which  any  element,  such  as  sul 
phur,  for  example,  exists  in  combination,  is  fully  as  important  as  th( 
figures  indicating  the  percentage  of  that  element.  If  chemists  would 
endeavor  to  give  their  results  in  such  a  form  that  the  mineralogica' 
character  of  the  stone  can  be  fairly  inferred,  instead  of  noting  merelj 
the  substances  actually  determined  in  the  analysis,  their  rejiorts  woulc 
be  far  more  valuable. 

With  respect  to  the  imj^act  test  it  may  be  added  that  the  slates  were 
placed  in  a  vertical  plane,  while  the  wooden  ball  was  swung  as  a  jjendu 
lum,  its  point  of  suspension  being  about  6  ft.  above  the  specimen. 
The  work  done  in  one  blow  of  the  ball  was  its  weight  multiplied  bj 
the  height  of  the  vertical  fall,  which  in  each  case  was  9  ins. 
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Mr.  Garrison  refers  to  the  acid  tests  as  unduly  severe.  This  is 
true,  biit  it  was  the  intention  to  make  them  so,  in  order,  if  possible, 
to  obtain  a  better  idea  of  the  relation  between  resilience  and  corradi- 
bility.  A  practical  acid  test,  such  as  used  for  the  main  series  on  the 
Peach  Bottom  specimens,  need  be  only  from  48  to  60  hours  with  a 
solution  of  the  strength  stated.  A  freezing  test  would  undoubtedly, 
as  Mr.  Garrison  suggests,  be  an  excellent  one,  particularly  if  it  could 
be  applied  to  slates  fastened  down  somewhat  after  the  manner  they 
usually  are  upon  roofs. 

The  large  amount  of  carbonate  of  lime  given  by  Professor  Bailey 
for  the  red  Vermont  slates  seems  surprising  in  view  of  their  well- 
known  capacity  to  resist  weathering.  This  is  another  illustration  of 
how  little  a  chemical  analysis  really  tells  regarding  the  physical  quali- 
ties of  slate.  The  best  test  of  all,  to  compare  several  kinds  of  slate, 
is,  of  course,  to  put  them  on  a  roof  in  a  manufacturing  town,  and 
then  to  examine  them  every  five  years  until  a  satisfactory  conclusion 
is  reached.  This  in  general  being  imjiracticable,  it  seems  that  the 
next  best  method  is  to  investigate  their  physical  properties  by  means 
of  tests  of  strength,  resilience  and  corrodibility,  assisted  if  possible  by 
microscopic  examinations. 
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